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POPULAR CHEMISTRY. 



INTRODUCTORY. 

Wh/ is the JCiCTWe of ekemishy so namai ? 

Because of ila origin from the Arabic, in wluch Ian* 
guage it signifiea " the knowledge of the composiiian 
of bodies," 

The following dcfinitiona of cUenmtry liove been 
given by some of our best wriiera: — 

" ChemiBOy is the sniily of the effecta of heat and 
tniature, with the view of discovering their general 
and Hubordinate laws, and of improving the useful surta." 
—Dr. Black. 

" Chemistry is that science which examines the con- 
stituent parts of bodie^ with reference to their anture, 
proporiiona, and method of combination." — JBergmaa. 

"Chemistry is that science which treats of those 
events or changes, in natural bodies, which are not lu;- 
companied by sensible motioos." — Dr. Thompson. 

" Chemistry is a science by which we become ac- 

r'lDted with the intimate and reciprocal action of all 
bodiee in nature upon each other." — Foarcroy. 
The four preceding definiiions are quoted by Hr. 
Parket, in fais Chemi^ CatecMam. 



Dr. Johnson (from Arhuihnoi) defiDBs "chemistry" 
as " phiiiiaiiphy by liro." 

BJr, Bi-ande sfl,ys " It is the object of chemistry to 
investignle all changes in the cojiBlitution of matter, 
whether effected Iw heal, mixture, or other menns." — 
Manual, 3rd edit- 1830. 

Dr. Ure saya " Chemistry may be defined the stieace 
wliich inyestigates the composition o^ material sub- 
Blances, and the pemtanent changes of consutution 
which tlieir mutual actions produce." — Didionary, 
ediL" 1630. 

Sir Humphry Davy, in his posthumous work,' says, 
" There is nothing more difficult than a good definition 
of chemistry ; for it is scarcely possible to express, in 
a few words, the abstracted view of an infinite variety 
of fects. Dr. Black luis defined chemistry to be that 
science which treats of the changes produced in bodies 
by motions of their ultimate particles or atoms : but 
this definition is hy3)othetical|^for tlie ultimate parti' 
cles or aloms u« mere creations of die ima^nation. 
I will pye you a definition which will liave the merit 
of novelty, and wliich is probably general in its appli- 
cation. CkemUtry relates to those operatimis iy uihich 
the (nfunotc nature ofbodies ia changed, or by wlaeh they 
ae^ire ntte properltes. This dofinitiun will not only 

Sply to the efiecta of niixmre, but to the phenomena 
electricitv, and, in short, to all the cbangea which 
do not merely depend upon the motion or division of 
masses of matler." 

Cuvier, in one of a scries of lectures, delivered at 
Paris, in the Spring of lost year. Bays " iJie name che- 
mistry, itself, comes Irom the word Aim, which was 
the ancient naine of Egypt ;" and he Htotos ihnt mine- 
tala were known to the Egyptians " not only by their 
eitemni characters, Imt also by what wo at the present 
day call their chemical cAarocCers." He also adds, that 
what was afterwards called the Egyptiar 




Henuedc art, the ait of trauEmuting meiols, was a mere 
rererie of the middle aevH, utterly unknown to nnii- 
quhy. " The pretended bookB of Hermes are evidently 
BuppoBititious, and were written b; ibo Greeks of ihe 
lower Empire." 

fPla if chemistry tasenlicd to man in his highest stats 
efoAjotioai 



made not only useful in protecting hun from the in- 
clemency of the seasons, but combined in fbmis of 
beauty and variety ; creating out of the dust of the 
cwth, from the clay under his feet, instrumenta of use 
and omament ; extracting metals from the rude ore, 
and ^ving to them a hundred diflereat shapes for a 
thousand difierent purposes; seleclilig and iniproring 
the vegetable productions with which he covers the 
earth ; making the wLnds carry him on every part of 
the inmiense oceon j and eonipelhng tlie elements of 
air, water, and even flrc, as it were, to labour for him ; 
concentrating in small space materials which act aa 
the thimderbolt, and^directing their energies so as lo 
destroy at itiunense distances ; blasting the rock, re- 
moving the mountain, carrying water from the valley 
to the hill, &.C. Or, to bo more minute, the reudering 
skins insoluble in ivater, by coinbinlug with them the 
•Htringent principle of certain vegetables, is a chemi- 
cal invention ; and without leather, our shoes, our 
carnages, our equipages, would be very ill made ! 
the bleaching and dyeing of wool and silk, cotton 
and flax, are chemical processes, and the conver- 
sion of tlicm into different clothes, is a inechauical 
inventioH \ the working of iron, copper, tin, lead, and 
the other metals, and the combining tliem in different 
alloys, by which almost all the inatruments necessary 
for the turner, the joiner, the stonemason, the ship- 
builder, and the smith, are made, are chemical inven- 
tion !ven the press could not have existed in 



BtaW of perfection without a metallic alloy. The com- 
bining of tilktili and sand, and certain claya and flints 
togetuer, to form glass and porcelain, ia a clieiuical 
process ;* the colouie which the artist employs to trame 
reaemblancea of natural objects, or to create combina- 
tions more beautitii] than ever existed in nature, ara 
derived from chemistry ; — iu short, in every branch of 
die common and line arts, in every departmeot of hu- 
man industry, the influence of tliis science is felt ; and 
we ID^ find in the fable of Promeilieus taking the 
flame mim heaven to animate his man of clay, an em- 
blem of the eficclB of Are, in its appUcauon to chemi- 
cal purposes, in creating the activity and almost the 
life of civil society. — Abridged from" the Last Days<{f 
a Philowpkrr," 6j( Ou late Sir Humphry Davy. 



a merely applied what the philosopher has made 

known ; he has merely worked upon the materials Hir- 

' ni^ed to him. Thus, the chlorine, or oi^muriatic 

* gas, of Scheele, was scarcely known, before it was ap- 

I ^li&d by BerthoUet to bleaching ; scarcely was muria- 

I tic gaa (Itacovered by Priestley, when Guylon de Mor- 

Teau iMed it for deeiroying contagion. Flalinuin hag 

- owed its existence, as a useful mclal, entirely lo the 

IdbourB of an illustrious chemical philosopher; lookat 

the beautiful j^ellow afforded by one of the new metate, 

chrome ; consider the medical effects of iodine, in some 

of the most painful and disgusting molailies belonpng 

'3 human nature, as cancer and bronchocele. We 

nude ia GflnQOny BDd France, have been entirely ibe reflull of cbeinl^ 
aipErinuiU 1 UHDicsdcnsndUieSivreaidiiniiheliHleihBTe been the 
nnk otmeti of iclMni ; and ft wu by multiplying fail cbemleal m- 
I MUh ei, Ibal Wajgewaod tm enafaled topmduce, aluEheapmnM, 

' il, Himl itaein In tlw bIbjwwi, ra- 



ta aolMUf and nrtscckin irf' aai 
■la^, lud MilelU unBcmeil o 
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have no history of the manner in which iron was ren- 
dered malleable; but we know that platinum could 
only have been worked by a person of the most refined 
chemical resources.^ — Sir H, Davy* 

Why is the apparatus essential to%€ modem chemist 
much less bulky and expensive than that used by ihe an- 
dents 9 

Because an air-pump, an electrical machine, a vol- 
taic battery, (ail upon a small scale) a blowpipe appa- 
ratus, a bellows and forge, a mercurial and water-gas 
apparatus, cups and basins of platinum and glass, and 
the common re-agents of chemistry, are all that are 
required. All the implements absolutely necessary, 
may be carried in a small trunk ; and some of the best 
and most refined researches of modem chemists, have 
been made by an apparatus which might with ease be 
contained in a smaU travelling carriage, and the ex-^ 
pense of which is only a few pounds. Chemistry is 
not injurious to the health ; the modem chemist is not 
like the ancient one, who passed the greater part of his 
time exposed to the heat and smoke of a fiiroace, and 
the unwholesome vapours of acids and ulkahes, and 
other menstrua, of which, for a sin^e 'experiment, he 
consumed several pounds. — Sir H, Davy. 

ATTRACTION OR AFFINITY. 

Why is our earth a globe ? 

Because of the general attraction by which all its 
parts are drawn towards each other, that is, towards a 
common centre ; by which means the mass assumeu 
the spherical or rounded form. 

We have interesting instances of roundness fi-om the 
same cause in minute masses, — as the particles of a 
mist or fog floating in air, — there, mutually attracting 
and coalescing into larger di'ops, and then forming 
rain— dew-drops — ^water trickling on a duck's wing — 
the tear dropping firom the cheek— drops of laudanum 
—globules ofmercury, l&epure silver beads, coalescing 



SSOVIXStaX TOH THS TBOPLE. 

when near, and fomiiiig larger ones — melted lead al- 
lowed to raiii down from an elevated sieve, which, 1^ 
cooling OB il dceceDda, retains tiie form of its liquid 
drops, and becomea the Bpborical shot-lead of ihe 
sportHuian. — .^mSH. 

Whvit tht prticriptwa of medicine ty drops an untt^e 
method 9 

Becauae, not only do dropa of fluid from the same 
reesel, and often of the same fluid of different vessels^ 
differ in size, but also drops of the some fluid, to the 
extent of a third, from diflt^reut parts of the lip of the 
BBiue veesel. 

Jfky has ii btcn said that the whole icorld, if the atoms 
andd he brought into ahaolttte. contact, might be compress- 
ed into a nidshtU ? 

Because of the exceedingly little of really solid 
matter even in the densest mass, as evident in the noii' 
contact of atoms, even in the most solid parts of bo- 
dies ; from the very great space obviously occupied by 
pco^s; the mass oilen having do more solidity than a 
heap of empty hoses, of which the apparently solid 
parts may still lie as porous in a second degree, and so 
on; and from the great readiness with which light 
passes in all directions llu^u^ deiisc bodies, like glass, 
rock crystal, diamond, &-C. We have as yet no meuna 
of ascertaining exactly what relation this idea has to 
truth.— i3raofl. 



Because, according to the late Dr. Wollaston, the 
earth'e atmosphere is limited, and consequently matter 
has a finite divisibilily. " Yet," observes another,"of 
the smallest atom we can always imagine die half." 

Why is the density, or ffie quaidita of (dams whidi exist 
in a given spaet, very different ui ai^eni bodies ? 

Because of three different circumstances: first, of 
the size or weiglti of the individual atoms j secondly, 
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on the degree of porosity just now explained ; tbirdlyl 
on tbe proximity of the atoms in the more solid parte] 
wbich stand between the [lorcs. As an example of ■ 
the different degi-eea of density, a cubic inch of lead is ■ 
40 limee heavier lliaii the some bulk of cork. — •^mott. | 
lUiy are certain bodies lolidf 
Because their porta cohere so firmly sa to 

lAvoider haa explained sohdity thus: — "The ptuli- 
cles of all bodies may be considered aa subject to the 
action of two oppodto powers, repulsion and nitraciion, 
between which they remain in eiiuilibrio. So long aa 
tlie sitmctlve force remains stronger, the body must 
continue in a amte of solidity; but if, on tlio contrary, 
heat liQs so far removed liiese parades from each 
other, as to place tlietn beyond the sphere of attraction, 
lliey lose the cohesion which they before had with 
each other, and tlie body ceases to be solid. " 

Whi/ do Mwe and yetiotB powders, uihai mixed, form 



agra^jiL . 

Because of the mere effect arising in the e' 
[he intimate mixture of tlie yellow and blue fight »e- 
lely and independendy, reflected from the minute 
particles of each ; and the proof is had by examining 
the mixture with a microscope, when the yellow and 
blue tfrains will be seen separalely and quite unaltered. 
-J.F.W.Hendid. 
Ifhy cannot a similar separation he detected in liquid 

Because of the excessive minuteness of the parts, 
and their perfect intermixture, by agitatiDg the blue 
and yellow liquids together. From the mixture of two 
powders, extreme patience would cnslile any one, by- 
picking out with Q magnifier groin after gridn, to se- 
parate tliu ingredients. But when litiuida ore mixed, 
rto meclianical separation is any longer practicable: 

I the particles are all bo minute as to elude all search 

\—J.F.ff.Hendtel. 
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Wh/ da vie u»« tke Itrm aptel/ie grai^ to exprtu tht 
nMive vK^ht ofbodiea') 

Because it denoies the w(^I)|;ht of tlie matier of wliit^h 
any body 18 coiiipoaeil, conipared nith the weight of 
pire distilled water, at 60° Fahrenheit, asauined aa a 
standard. 

(ffty it there a difftf tnte in the apedJU: gravity 0/ dif- 
ferent bodiu ? 

Because one body in Inrger, or takes up more room 
than asodier of the some weight, when the first is said 
to be tpedjkally lighter tlien the otlier, and vice verai. 

Tiie specific gravity of bodies is denoted, in chenii' 
cal writings, by coni|)ariiig it willi the specific graviQf 
of pure water, in dedmal figures, water bein^; always 
""■"■'""^ as 1.000. Thus the apeeifie gramtj/ of the 
ilphuric acid is 1.850, or Dearly nine tenths 
heavier than water. Iron ie 7.(j50, or more than 7i 
times heavier than water ; that is, a cubic inch of iron, 
if put into a scale, would require 7} inches to balance 
b; silver is 10.478 ; gold, 19.300 ; and plntinutn, 23.000, 
or 23 times heavier than water. The specific gravity 
ofaU bodies is noted in the same way. — Parka. 

Wh^ does some alone decay rtqiidlif, ^though vay hard 
whenfrtt d^gfrom the quarry i 

B«^aUBo it aboimds witli clay, or oluminc, which 
has 80 great an ailinity for water as to absorb moiBture 
from the atmoapliere, and thus destroy itselfl 

Why ibUI not oii and water mix in a vial upon btmg 
wolttdty skaktn? 

Because the water and the oil liave no aShtily tot 
each olher ; but if some caueiic ammonia be added, 
and the vial then agitated, tlie whole will be mixed 
ammoniacal soap. This is what is called dia- 



poairxg nffrndy, or uniting 
no tendency to unite of 1 
anolhcr subaiancc. 

LtVhy do aiaall needles J!aal 
Because the paniciea of v 



bodies, which apporently havfl 



addition of 



I, and the weight of tlie needles is 
e that coliosioii. 
k Why do a pound of water, and a pound of tall when 
- I form tteo pounds of brine, fiii then occupy much 
ife than tchen stpande ? 
r Because the atoma of the one are pnrtially received 
mto what were vai^aiit spaces in the other. A wmilar 
condengacion is observed in many otlier mbcturea ; as 
a pound ol' sugar in a pound of water. Tin aud cop- 

Cer, melted together to form bronze, occupy less space 
y one fifteenth, tlian they do when separate. — ■Jmott. 

Why are a hundred pinlsqf common air to be comprest- 
vt into a pint vessel, as in the chanAer of an airgun f 

Because, in aeriform dibsbcb, the ntome are very dis- 
tutlt, and hence the maases are more ea^ly compressed, 
lu this case, if the pressure lie much further increased, 
(he atoms will at lest collapse, and tbrm on oily liquid. 
The heat which was contained in such air, and gave 
it its form, is squeezed out in this operation, and be- 
comes Sensible all around,— Jmoft, 

ffhy are Ivjuids said to be saturated ? 

Because they cannot combine with, or take up, more 
than a certain quantity of on^ solid or aeriform body ; 
the point at which mis action ceases is satieralion; 
thus, water will only take up a certain known weight 
of alum, salt, &c. 

Uliy is gravilaHon thefrst and most general cause of 
changes on the earth? 

Because water, raised in vapour by the heat of the 
BUD, is precipitated by the ciml air in the atmosphere; 
it is carried down by gravitation to the surfece; and 
gains its mechanical force by this law. — Sir H. Davy, 

^hy dots ike pyramid last longer than oOier forms ! 

Because it is most fitted to resist the force of gravi- 

ffhy is an apartmerd never literally emply? 
BeiMiuse, if it offer lA view nothing but the naked 



It allowed 

could not be pressed into it additioiiallj by less li 
than fifty or Histy pounds. 

Whi/ u heat produced on slaclaiig quick-limt f 

Because of die violence of (lie chemical sctioi], and. 
the solidification of the water. In this process 68 parts 
of lime solidify 32 parts of water ; but it is remarkable, 
that in inakiuE what we call lime-water, 500 parts of 
water are reqmred to dissolve one part of hme. 

ffhy is it a vulgar error to aa^ quick-lime, or oH of 
viiriol, bums? 

Because they powerfully' corrode animal and vege- 
table Eubatances, and become violently hot from their 
combination with water, "They are, tlierefore, set 
down io vulgar parlance, as eubstancea of a hot na- 
ture ; whereas, in their relalions to the physical cause 
of heat, they agree with the generality of bodies simi- 
larly couBtituted." They owe the sensation of heat 
which they excite, to chemical edmulanis, and not at 
all to their being actually hot. 

UTi^ are not bitter and sweet eiaentud qiuditiea of mat- 
ter^ 

Because, asDr.W.Uerschelfaas recently discovered, 
the minin g of nitrate of silver willi by|io-eiilphate of 
Boda, both remarkably bilter substatices, produces tho 
sweetest substance known, Thua, bitter and sweet, 
. as well ns sour, appear not to be an essential quality 
in the mailer itself, but to depend on the proportions 
of the mixture which composes it. 



ity of llie evaporation : thus. If tho process be slowly 
conducted, the particlea unil» with great regularity i 
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IThiimed, the ciTatala are irregular and con&aed. To 
obtain very regular crystals, Uio evaporation miiat be 
apoataneous, or that which lokt^ {ilace at CDaitnoa 

b-lunperature. 

I fffty it the Citmi's eavsaoay disposed in angvlca 

' tolumna ? 

Because it ia auppnfwd that the whole body of the 
rock was once in a state of fluidity, being no other 



than the lava of a burning mountain ; that the prodi- 

BOUB maea cracked in its cooling, into the above forna ; 

may mnco In aome measure have been deranged 



ocean now toll over the place where once it atood.— 
Parkts. 

The moat remarkable basalt is the columnar, which 
forma immenae maaaes, compoaed of columns, thirty, 
forty, or more ftet in height, and of enormous thick- 
ness. Those at Fairhcad are U50 feet liigh. The coast 
of Antrim, in Ireland, for the space of three miles in 
leng;lh, exhibila a very magnificent variety of coltmi- 
oar clifis ; and the Gion^a cauaeway conasts of a point 
of that coast, formed of aiiuilar columns, and prqect- 
iiu; into the sea for a deacent of several hundred fbet. 
Taeae coliunns ai* for the moat part hesagonal, (or 
six-sided] and fit very accurately togetlier; but most 
frequently not adherent to each otiier, though water 
rsnnot penetrate between ihem. In the Hebrides are 
Ukewiae some vast specimens of basalt. 

/fliy are certain bodies porous, orfuU of snudl vacant 
spares? 

Because of the crossing of the constituent crystallina 
needles or plates in bodies. — Smoli. 

Why are crystals mfchmically divided onb/ in cerlam 
directions, so as to qffbrd sjnooth surfaces? 

Because, in every cryetolUzed substance, whatevor 
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nuiy be the iMbrencc of the figure wbich may aiue 

from modil^g oircumBlnnceH, fliere is, in oil ita crya- 
tals, a primitive form, the nucleus, os it were, of the 
crystal, invariable in each ^ubataocc, ^ving rise to the 
■ctuuUy outward existing forms. — Parku. 

ff% hea stnmg salt and tcalar a peSide {or^m) on 

Because the attraction of the saline particlea for eadi 
other is becoming i«U]i(9rior to their attraction for the 
water. This ia the conunou criterion of the fitness of 
a solution for crystallization. 

Sir Isaac Newton seems to have had a very clear 
Uea of the cause of crystallization. "When," says 
lie, " a liquor saturated with a salt, is evaporated 
to a pellicle, and sufficiently cooled, the salt forms in 
reguuu' crystals Before being collected, tlie saline 
particles ISoaled in the Uiuior, equally distant from each 
other ; they aclod, th«refore, mutually on each other, 
with a tbrce which was equal at equal distances, and 
unequal at unequal distances ; so, in virtue of this 
ferce, they must arrange theniselvea in aa uniform 
manner. " — Aemion's Optics, Book iii. 

ff%y ui3t not aaU ctystaUize tehen diisolvtd in a cim- 
ndercMe qwmtUy of water % 

Because the particles of the salt are too for asunder 
to enert reciprocal attrac^on : in othw words, they are 
t more powerfully atlracied by the water, than by each 
I other. — Brande. 

Why dots the saU eryslaUize upon evaporation of part 

Because some of the salme particles then gradually 
approach each other, and the^ will, according lo cer- 
tain laws, become regular sohds ; another portion of 
the salt will remain dissolved in the water which is 
left ; this is uatially culled the mother liquor, or water. 

There is a great variety iu Ihe form of crystallized 
salts, and each salt preserves its own peculuir ftnn 
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thu% common culinary salt general!;^ cryBtaUizes in 
small tubes, and sulphate of soda in six-sided prisms. 

Why do certain salts (calied Jreezing mixtures) comr 
vert water into ice^ 

Because, as heat is required to convert solids into 
liquids, it follows, that in cases of sudden liquefaction, 
(as when the salts are dissolved in the water^ cold will 
ensue: hence its production during the solution of 
many saline bodies, and hence, also, the explication of 
the theory o^ freezing mixtures ^ 

The artificial preparation of ice has occupied much 
of the attention of modem chemists. The most recent 
experiments were made by M. B. Merjiink, who, after 
numerous trials, with different salts, for the purpose of 
converting water contained in a tin vessel into ice, 
during their solution, ultimately gave the preference 
to a mixture of four ounces of nitrate of ammonia, four 
ounces of sub-carbonate of soda, and four ounces of wa- 
ter. This mixture, in three hours, produced ten ounces 
of ice ; whilst, with the mixture of sulphate of soda and 
muriatic acid, he obtained ice only after seven hours. 
— Brande^s Journal^ 1829. 

Why do many salts, token exposed to the air, foresee, 
or fait to powder ? 

Because they lose their water of crystallization. 

Why do some salts ^Horesce more than others ? 

Because some thus completely lose their water; 
while others retain difterent quantities, according to 
the dryness of the air. 

Why do some salts deliquesce, {or hecome moist or li- 
quid) by exposure to the atmosphere ? 

Because they attract water from the atmosphere. 

Why are not salt boilers made of cast iron ? 

Because the cast iron would crack by the adhesion 
of the salt 

Why is sdU-petre rdined by solution in water7 

Because the rough petre, as it is called, is always 
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contaminated with muriate of soda and other salts. In 
order, Ihorefbre, to separate them, the refiners diseolve 
the whole in~waler, and then, by boiUDg- the solution, 
evaporate a port of the water, and the muriate of sods, 
Sic. tall down, while the Balt-pelrB is held in solution. 
When the ^reoteat part of these ealta is tlius so|iarated, 
ibe remaining liquor is suffered to cqoI, and the nitre 
ii obtained in ciyaiels. This process illustrates ihe 
difference which there ia in tlie BolubiUty of sails. — 
Porta. 

Why via* nitre uaed in &t compomlimi of Greck-Jire ? 

Bei'anse it fed or kept alive the sulphur, resin, alco- 
hol, (^anlphor,&c.ofwllichllle fire was also composed, 
by conveying oxygen &om the atitiospLerio air to the 
sulphurous gas, and to tlie sulphiu- while burning. 
Into Ibis composition, when melted, woollen cords were 
dipped, and rolled up for ua?. These balls being set 
on lire, were thrown into the leuts of tiio enemy, and 
aa the combustibles were fLuu'shed with a com 
supply of oxygen from the nitre, nothing could c: 
giuah ihem. 

Why mil a lump qf idnm in a gleas of waUr, camrat 
apvramidal ihapt in dissolving? 

Because, at first the water acta with so much ener^ 
as to overcome the cohesion of the solid in every di- 
rection ; but, as Ihe particles of the alum bccopie 
united with thoaoof die water,the power of the solvent 
diminishea. Tlie jiarticl^ of water which combine 
first with the aluin, become hearier by the union, and 
&I1 to the bottom of the glass ; and the action at the 
lower extremity ceasea, .before it is complete at the 
upper. When llie action has nearly lermmated, if wa 
closely esainino the lump, we shall nnd it covered with 
geometrical figures, cut out, as it were, in relief, upon 
the mass ; showing, not only that cohesion resists the 
power of solution, but that, in tiie present instance, it 
resists it more in some directions tliat in otJiera ; and 
t when the attraction of the solvent is nearly at 
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fied, it is balanced by that delicate modification of 
cohesion, upon which crystalline arrangement depends. 
This e:a^riment l)eautiftdly Ulustrates the oppo^te 
action of cohesion and repulsion. 

Why is cdum used in making candles 7 
Because it gives firmness to the tallow. 
Nitre has very recently been applied to the improved 
preparation of candles, by steeping the cotton wick in 
lime water, in which is dissolved a considerable quan- 
tity of nitre. By this means is obtained a purer 
fliune and a superior light ; a more perfect combustion 
is ensured ; snuffing is rendered nearly as superfluous 
as in wax-lights ; and the candles thus made do not 
run, or waste. The wicks should be thoroughly dry 
before the tallow is put to them. — Brewster's Journal^ 
1829. 

}Fhy is alum used in saU-drying cod-fish. 

Because it prevents the salt from dissolving. 

Why is alum used for preparing paper for the pre- 
servation of gunpowder ? 

Because it prevents the bad effects of damp atmo- 
spheric air upon the powder, and preserves the paper 
from readily taking fire. 

Why are the crystals^ collected in camphor botUes in 
^bruggists* windows always m/ost copious upon (he surface 
exposed to the light 7 

Because the presence of light considerably influ- 
ences the process of crystallization. Again, if we 
place a solution of nitre in a room which has the 
light admitted only through a small hole in the win- 
dow-shutter, crystals will form most abundantly upon 
the side of the basin exposed to the aperture through 
which the light enters, and often the whole mass of 
crystals will turn towards it. — Brande. 

Why is there rock saU9 

Because it is supposed to have been deposited by 
the sea, or by salt lakes drying up, which formerly 
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covered the present continent?. Salt strata also 
diminish in thickness aa they recede from the sea. 
This is perhaps ttie most ohvione hypotheeiB, but it 
b liable to many objectiona, one of which ia the e»or- 
itioua depth of eea water neceaaary to the production 
of a body of rock salt above furw yards in thicknea^ 
such Bs the insulated mountain of rock salt at Cordova, 
in Spain." — JVote* on Scieiiee, 

The aolt miDea near Cracow, in Poland, which have 
been worked ever «nce the middle of the thirteenth 
century, contain au immenae store of muriate of soda. 
Eight hundred workmen are employed in them, who 
raise 16B,000 quintala of salt annually. Through the 
enormoua maaa of aalt, which presents to the eye no 
interruption to ita Boline texture, and at the depth of 
450 feet, Sows a scream of pure, fresli, and transparent 
WBiEr, which is received in large troughs, where the 
workmen and horsea of these subterraoeoua regions 
quench their thirst Aa it was hnpos^hle tliat this 
spring could filter through the suit, Nature, who buries 
her masterpieeeB in the bowela of the deepest moun- 
tains, has placed in tliis mass a stratum of clay suffi- 
ciency thick to allow tlie stream of water, destined to 
re&esb the workmen, to pass through it in such a 
manner as to be preserved from the salt, of whidi a 
small quantiw would injure its salubrity. — Parkes. 

A Beries ofingenious models of the Polish salt mines 
was exhibited in London about two years since. 

»^y are tlu JUU3 cut near the tta, on Ihe Kealith 
eowd, calltd Bidt~pans ? 

Because at high tide they become fiUed witli sea- 
water, which lieing confined there, the sun evaporates 
it, and leaves salt in the flats, from whence it is laid 
up to dry for use. 

If'hy is lugar refined by hinting the syrup in a vacuum, 
or place Jrom which the rar has been exclwiedf 

Because this, and all other liquids, are driven off, 
made to boil at lower degrees of heat when tho 
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atmospherie pressure is lessened or removed. Thus, 
the process for refinmg sugar is to dissolve impure 
sugar in water, and aner clarifying the solution, to 
boil off or evaporate the water again, that the dry 
crystallized mass may remain. Formerly this evapo- 
ration was performed under the atmospheric pressure, 
and a heat of SIS'* or 220° was required to make the 
syrup boil ; by which degree of heat, however, a por- 
tion of the sugar was discoloured and spoiled, and the 
whole product was deteriorated. 

The syrup, during the process in vacuoj is not more 
heated than it would be in a vessel merely exposed to 
a summer sun. The vacuum is produced and main- 
tained by air-pumps driven by a steam engine, or 
otherwise ; or by the direct admission of steam, wMch, 
after expelling the air, is condensed into water. — •^tmoU, 

By this process more money has been made in a 
shorter time, and with less risk and trouble, than was 
ever perhaps gained from an invention ! 

Why are the vessels for evaporating or distiUing in 
vacuOf generally of arched form ? 

Because they require to be strong enough to bear, 
when quite empty, the external atmospheric pressure. 
— ^Amott, 

Why is svgar-candy crystallized on strings, and ver- 
digris on sticks ^ 

Because crystallization is accelerated by introducing 
into the solution a nucleus, or solid body, (like the 
string or stick) upon which the process begins. 

The ornamental alum baskets, whose manufacture 
was once so favourite a pursuit of lady-chemistry, 
were made upon this principle; the forms of the 
baskets being determined by wire framework, to which 
the crystals readily adhered. 

Why is sugar-candy sometimes in large and regular 
erystalsf 

Because the concentrated syrup has been kept for 
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eereral days and uights undiaturbcd, in a Tcry Lig-Ii 
lemperatura ; for, if perfect rest and a temperature of 
from 120° lo 190° be uot afforded, regiUtir crystals of 
candy will not be obtained. 

The mnnufactiire of barley-sugar is a faimliar ex- 
ample of crystollizatioD. The syrup is evoporaled 
over a slow heat, till it lias acquired the nropcr con- 
MSlence, when it is poured on metal to cool, and wlien 
nearly so, cut into lengths with shears, then twisted, 
and again lefl to harden. 

Wht/ are »mall, radiant, and (ree-iiie crystaBizaiwru 
lan on dirlg windoiDs m London 7 

Because of die great number of coal fires in the 
metropolis: these tryatals (of sulphate of amrnnnia, or 
at least, sulphite of omniouia, which becomes auljiliate 
by expot<ure to the air) being on abundant product of 
the combuBtion of coal. — Brmtde. 

Why do some springs petrify objects by their spray ? 

Because their water is impregnated by means of ite 
earboDic acid, with a large pordon of carbonate of 
lime, which it depoaits on isBuing into the air. At 
Caermon.^in France, there ia such a spring, where 
Mr. Scropo saw the snified skins of a horse and a cow, 
turds, fruit, flowers, &.c. undergoing this petiifying 
process. Its incnistadons have also formed an ele- 
vated natural aqueduct, 340 feet in length, and ter- 
miDadng in an arch thrown across ihe stream it orig- 
inally flowed into, 16 feet h\gti and 12 wide, — Serop^t 
Mamnr on the Geology of Central FVance. 

Why itjlvor spar lo.catkd'i 



ffhy it heat conndered ont qf Ihe ehtef agentt t 



It has also been 
^- called vitreous spar, because when fused it has the 
^L appearance of glass. 

H myu 
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Because its most obvious sources are chiefly referred 
to tJie general hea0 of chemical combination. Thus, 
fire, or the combustion of inflammable bodies, is no- 
thing more than a violent chemical action attending 
the combination of their ingredients with the oxygen 
of the air. Animal heat, is, in like manner, referable 
to a process bearing no remote analogy to slow com- 
bustion, by which a portion of carbon^ an inflammable 
principle existing in the blood, is imited with the 
oxygen of the air in respiration, and thus carried off 
from the system: fermentation is nothing more than 
a decomposition of chemical elements loosely united, 
and their reunion in a more perfect state of combina- 
tion. Friction, as a source of heat, is well known: 
we rub our hands to warm them, and we grease the 
axles of carriage-wheels to prevent their setting fire to 
the wood. Again, Count Rumford has established 
the extraordinary fact, than an unlimited supply of 
heat may be derived by fi-iction fi*om the same mate- 
rials. — / F, W, Herschd. 

Savages light their fires by rubbing two pieces of 
wood : Count Rumford made great quantities of water 
boil, by causing a blunt borer to rub against a mass 
of metal immersed in the water ; and Sir Humphry 
Davy quickly melted pieces of ice by rubbing them 
against each other, in a room cooled below the freez- 
ing point. Instances have occurred, where whole 
forests have been burned down by fires kindled fi-om 
the violent fi-iction of the branches against each other 
by the wind- 

Why is it conjectured that there is a difference between 
solar and terrestrial heat ? 

Because the rays of the first pass through glass 
without heating it, while the rays of the latter are 
stopped by the glass, which becomes hot when opposed 
to them. 

Why may heat he considered as a power opposed to 
attraction? 



ffh/ ii the term caloric ii3fd? 

Ueraiise it may disliiiguish the cause of beat (rom 
the sensation which we call hy the same name ; but 
the temiB eaioHe and caloiijii: ^ttid Beeoi to imply the 
material nature of heat, which has not- yet been 
proved. 

Why 13 caloric contidemt a syhtle itKderiaX Jlvid, the 
pariuiea of vildch mutualli/ repel tack oihtr ? 

Because lliis supposition appears to give a pkusrible 
Bjqilanationof moat of thepheuoinena dependent upon 
heat, es the expansion, fusion, and vapourization of 
bodlea, on the idea that the psiticles of caloric when 
interposed between the particles of bodies, in sufficient 
qiianliiy, produce theae cfiecis. It is natural to sup- 
pose when a l>ody is enlarged in bulk, that the en- 
largement is occasioned by the introduction of the 
particles of other matter, by which the particles of the 
expanded body ere repelled to a greater distance from 
one another ; and this repuMon becomes so great, in 
Gonsequence of the introduction of a large quantity of 
heat, as to enable the particles of solid bodies to assume 
the fluid, or aeriform states. 

There are, however, other theories of die nature of 
heat ; but the question remains undetermined ; and it 
is fortunate that most of the plienomena connected 
yvitb the operation of heat, may be explained equally 
well upon either tiieory. 

fThy i» heat caUed lateid? 

Because, when heat liquefies a solid, or converts a 
Lquid into vapour, die liquid or the vapour is no 
htkter than the solid or liquid from which it was pio- 
duced, though a great deal of heat has been expended 
in producing this effect, aiid has actually entered into 
the substance. Hence it coutiiiues to exist in tha 
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laining ii in iis new Btats without io- 
lemperoture, and is thus laUnl or 
greut discovery was made by Dr. 
Black, who fiirtber proved, that when the vapour con- 
deuBes, or tlie liquid freezes, this latciit beat la sigsin 
given out from it. 

ffk)/ daa iBcdcr OiroiBii upon a Jire so powtrfvUy 

luae of the grent quontitj of heat talent in 
, — hence, again, why fire and vnder are so often 
;ed proverbially as fumieliiug a striking contrast. 

Why dots iron frecome red-hot by hananeriitg ? 

Because of the eondensaciou of lite metal by the 
force of the blow. Air luay also be condensed by 
pressure, so bb to set tinder on fire. 

Wh) are inocganii: bgdtes, suck as gold, iron, tfC. 
foutidin all parts of Ike globe ? 

Because they have no direct dependence, 
present state of the earth, at least, on Ihe soli 
or its consequences ; whereas organic, or Uvli 

ffhy does tee, lo^n keaUd, htcomt ivattr; and At| 
iimitT. loAen heoledjurlker, becojne sleam ? 

8 the continued addition of heat gradually 
I the mutual distance of the constituent 
aloms of the ice, and their cohesive attraction is over- 
come ; liU, at lengtli, llio atoms are repelled to still 
greater distances, and tlie substance is converted into 
aieani 1 Abstraction of heat causes return of statea 
le order ; the steam when coaled again, 
ir as before, and the water, when cooled, 

^ Wky does a pint qf water, when converted into ^eam, 
mgupy titarbi WXi times Btt space qf Ike water ? 
^Jfecause the heat merely produces a repuliuon 



t the 
idby 

I the-^H 
hea^^H 




J 



KKOWLEIWE FOK THE FEOPIA 



I 



) means fills upl 

Whi/ art air-exp<mmon engina to mutA more poweF 
Jid lion iteajnrmgtnea 1 

BecQUae heat, wLen used lo dilate air, produces 

alxiut four times the quantity of espanmve power that 

il doea when used to form steam. 

^ Whv if not high-pressure steam issuing from a boHtr 

I ktaUd ptrhaps to 300° Tiot hotter than low-pressure 

r ateamfiom a boiUr at 313° ? 

Because, in ilie instant when tlie liigli-pre^sure or 
condensed steam escopea into the air, it OTpanda until 
balanced by the pressure of the otmosphere ; that is, 
"imtil it become low-prcHsure Eteam, and it ia cooled 
by the expansion, as air is cooled on escaping &om 
any condensation. 

tFhg does not a ^entrcdor, if cracked when very hot, 
immtaialfli/ let out ffn vigour or leater? 

Because the Iteat repels the water and vapour to a 
certidn dtstunee from the meisl, anil, virtuaily, stops 
the crack, until the temperature is allowed to ml, 
when the rush of steam by tho crack is tremendoiu. 
Mr. Perkins, iareaaoniug upon this effect, says: "The 
repulsive power of the heated metal is sufficient to 
retain the Topotir and the water equally distant; for, 
wiiat else ia TajKHir llion water in a state of cx- 
paneion?" 

ff% does a Prince RuperCa Drop Jly to potcder on 
bang simj^y broken 3 

Because it is a lump of Mass let fall, while fiised 
into water, end thereby suddeiJy coobd end solidified 
on the outside, before the internal part is changed ; 
then as ihia at lost hardens and would contract, it ia 
kept extended by the areh of external crust to wlilch 
it coherea Now, if a portion of the neck of the 
lump bo broken off, or if other violence be done, 
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Qiui ihe wliole citimblea to dust wilh a 
ploaion . — JiraoU. 

Whi) does a hote bladtier, Ued at (Ae movik, and hdd 
btfnre a fre, graduaili/ awdl and appear Jyiiy inflaUd^ 

BecBUEe the Einall quantity of air contained iti the 
bladder a then eo mucli dilaled by tho heat, that it 
occu[uea a considerably increased space, and fills the 
bladder, of which it before occupied only a email 

Why dots chtaifte of fanperatttre retard or heulm the 
dttompotUioii of dead vegetable and aninud aiJigtaneet i 

Beceuee the fiinctionsof life bring into combination, 
to form tho curious texlurea of organic or living bodies, 
chiefly four substances, viz. era-Son, or coal ; the in- 
gredients of water, or oxygen and hydrogen ; and lastly, 
nitraeen ,-— which subsiouces, when in the proportionB 
found in such bodies, have but slight attracdon for 
each other, and all of which, except the carbon, 
usually exist as airs. Their connexion, therefore, is 
easily subverted, and pardcularly by a sUght change 
of temperat^ire, whicli either so weakens their muttial 
hold, as to allow new arrangements to be formed, or 
altogether disengages the more volatile of them.^ — 
,3rnolt. 



BecAtise the first part of the process fi^es it from the 
eeaiee and extraneous matter, and the remaining heat 
disposes it to receive the oil, which forms a. varnish, 
and filling up all the minute interstices of the surface, 
prevents any rust. 

Jffty do elockt and matches vary in OinTrate ofgomgf 



Because of Uie expansion and c 
metals of which diey ore coustnicied. Thus, in regu- 
lUing the length of the second's pendulum, an exact 
Kquuntance with the dilamiioa of metale, is omea- 





tial ; for when the bob is let doivn a hundredth part of 
•n inch, iho clock loeea teu secouda in t\vuuty-four 
hours ; heuce, a thoUEoiidch part of an inch will cauee 
it lo lose ODD second per day, and a. chaDge of tem- 
perature equal to 30° of Fahrenheit will alter its 
length about one five tliousandth part, and occasion an 
e of going, of eight seconds per day. 



« obviated by 
various coqipensQiing apparatus. 

fPTy doM a anapcmaliati balance prevent the effects 
tjfcxparuion or eontnuium ? 

Because it conasts of interrupted eoncenoric rings 
of difierent metals, joined together, so that the expan- 
son of one counteracta the expansion of the other. 

Wky do the iron hoops of breiutra' auks bhtd with euiA 
great force ? 

Because those which are at fir^ made too sinolt to 
fit, are heated until they are sufficiently enlarged; 
lliey tire then driren on, and suddenly cooled, by 
throwing water upon Iheiti; the contraction of the 
aoa wluch enaiies on cooling, bringing the parts of 
the vessels in closer contact than they could easily be 
brought by other means, and fixes the boopa finnly 
round tbera. 

Why daea hay, ifstacked when damp, take fire ? 

JBccause tlie nioitflnre elevates the temperature suf- 
ficiently to produce jnitrefaction, and the ensuing 
cfaemii^ action causes sufficient heat to continue the 
; the quantity of matter being also great, the 
is proportional. 

* employed as burmng-ghisa- 

Because the^ collect the heat of the sun's rays from 
the whole of its Bur&ce to a rangle point, tlnis accu- 
mulating a veiy great degree of heat, for the eom- 
bnation and Ibeion of various natural subetances, that 
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are fusible in the greatest heat capable of being 
produced from ordinary fire. By this means, Drs. 
Harris and Desaugliers melted a silver sixpence in 
seven seconds and a half; a copper halfpenny melted 
in sixteen seconds, and liquefied m thirty-four seconds ; 
tin was melted in three seconds; and a diamond 
weighing four grains, lost seven-eighths of its weight 
Bum)n also, with the faint rays of the sun in the 
month of March, set on fire boards of beech-wood at 
a hundred and fifty feet distance ; and at another 
time, silver was thus fused at fifly feet distance. 

Why cart not " inflammable^ and " combustible^ sy- 
nammous terms 7 

jJecause all metals are combustible ; that is, capable 
of igniting with oxygen: but they will not bum in 
atmospheric air, and are therefore not called infiam- 
mable. 

ffky does the themunneter enable us to ascertain de- 
grees ofheaif 

Because the fluid ascends in the tube on being ex- 
panded by heat, and thus marks the degree. 

fFhy is mercury preferred in therm>ometers ? 

Bemuse the range of temperature between its 
fi'eezing and boiling points is very considerable ; and 
its expansion within that range, tolerably equable. — 
Brande. 

Why have tJiermometers freezing and hoUvng points 9 
Because they denote the points in the tube at 
which the mercurial column stands when cooled to the 
freezing, and heated to the boiling, of water. For this 
purpose, the instrument is immersed in melting ice or 
snow, and permitted to remain there for some time, 
until the quicksilver becomes stationary at one place, 
which is the freezing point ; a mark is made at that 
point upon the glass. If the instrument remains for 
some time in boiling water, the mercury after having 
ascended through a large proportion of the tube, be- 



comes stationary at one place which is the Imlmg 
point. It is bchcved that Fehreuheit took hia zero, or 
CommencemeDt of his scale from the degree of cold 
produced by mixiog snow and common salt; that 
tMang the greatest degree of cold knomi in Ma time ; 
although a considerably greater degree of cold may 
be produced by raixing the same or other mgredients. 
WAw doK JUaumuj's thtrmomtter differ from Fah- 

BecBiwe Reoiimur divides the Bpace between the 
boUing and freezing points into 80 degrees, placing 
zero at freezing, and the 80th degree at the hoihng 

Fahrenheit divides the same space into 180 de- 
grees ; btit the dpher (0) he places 33 degrecB below 
the freezing point (the cold of a mixture of snow and 
common sail) bo that the freezing point ia at 32° ond 
ihe boiling point at 212". 

Reaumur 80'')180'' Fahrenheit 

3^" of Falirenlicil— equal to 1" 
of Reaumur. 

PIubSCT of Reaumur is S0° multiplied by 2i=45 
add 3a°=77'' of Fahrenheit 

Whf an spirit thermomders preferahlt for meewur- 
nW oeTj loio iempeivritires ? 

Becauee spirit never freezes, whereas the low tem- 
perature at which it boils, renders it mifit fi)r meaauiiug 
high temperatures. 

Wk^ do do^s and other animals put out their long 
noitt lottguea in hot lowrffter? 

Because, when much healed, they cannot throw off 
or diminl^ tlieir natural covering, and have only ths 
above means of increasing the evaporation from their 

WTiy, m Iht ^drcUe JUgioia, are the tealay parts of 
brandji frozen, lekiU a very simdl qiumtity of strong 



tphit « kji in tJie fivid aUde %n the inUrior of fl 
moo? 

BecBiisQ tlie coheaiou of ihe portides of water is 
much more incrensed by tlie cold tlrnn that of the p 
tides of tlie spirit. 

Wht/ is a pyromclcr so catted? 

Because of its origin from rwo Greek worde a 
n^yitif measure of lire; it being used to ascertain II 
degreee of heat iD bigh temperatures, tuid incli " 
nnge of nearly 33,0(10 degrees of Falirenheic. 

ff%f doa metal Jed cold tchert timclud? 

BecAuae it readily carries off tho heat of the bodyl ' 
all metals being good conductors of heat. 

Why are certain bodies coiled good and bad condius- 
hno/heaif 

Because, when exposed to the same source of hen^ 
they sufTer it to pass throng theui with different de- 
grees of velocity ; or they hare various conducting 
powers with re^rd to heal. Good conductors, when 
Muched, occaaon a greater sensation of heat and cold 
than bod ones. When the body feela cold, the caloric 
id passing out of it into the nei^bbauring olyect: whea 
die body feels wailn, it is receiving heat 

Whi/ are persons enabled to remaiti in a heattd oven, 
tA»tm meat is baking? 

Because of the rarity of the air, ila weak conducting 

Kwer, and its small capacity for caloric, which explain 
w a person can exist in so warm an atmosphere. 
The wool dresses which persons usually wear on such 
occasions, ere also bad conductors of heat. 

Sir C. Bla^den, secretory to the Royal Society about 
thirty years smce, remained, accompamed by a femalQ 
do^ during eight minutes, iu on oven heated to 1D0° 
of lUaumur, 30° above the point at which water boilaj 
water, although covered wiui oil, boiled close to him; 
and in thirteen minutes, the hot air being concentrated 
by a pair of bellows, some beef was dressed in th« 
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same place. Two French acsdetuiclans, of tho Inst 
ceDlury, saw at Larocheraucault a man, who, from 
babit, eupported duripg len rainutea the heal of an 
oven, in which fruits and meats were cooked; they 
found the heal to be 112° of Reaumur, 32° above that 
of boiling water. The rarity of the air, its weak con- 
duutinB power, and its small eaitacitj for caloric, Berve 
to explain Low a person eoii exist iji bo warm an at- 
moe[riiere. It is by Its action upon the skin, and tho 
consequences wliicli ntmuo from thar, that fire becomea 
injuriouH. Now the "Fire King," who eahihited him- 
self in London last spring, was wrapped up in wide 
pantaloons, of red wool, a loose mantle also of wool, 
and wore on his bead a great qtiilted felt cap ; and 
the wool being a bad conductor of heat, this wonder- 
woHdng getiius should awakoiitlie astonishment of tho 
ignorant alone. ' 

Ifkg arc porou) or *pongJ *it6stance», as /eaOia-t, 
fletet/ ntoUn*, i(c. bad conductors ofhtal^ 

Because, in great measure, of tlie quantity of air 
which they have in their stnicluro ; air being, probably, 
the worst conductor known, that is, the sulistance 
which, when at rest, impedes the passage of heat the 
meet. — •SewM. 

Why does a drop of viaier roll about on a red-hot 
inm wiikoul evaporation? 

Because its surface becomes so highly polished as 
to reflect all the heat. If the heat be less, the water 
penetrates tlie pores of the oxidated iron, and losing 
lis polish is evaporated. 

ffhy is wider frozen in a vrasei from jckich the air 
hat bten pTonpta otU, and which cmdains bodies that 
quickhf OMorb Ha vapours? 

Because the evaporation of tho water is thus acce- 
lerated — the he^ required for the conversion of one 
portion of tho water into vapour, being taken from the 
o&ar portion, which h ihua reduced to ice. 
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IVhif u *ifl andfialhy meat vtt/ltfar eookitigf 

Because, after liie rigidity baa totally ceaseJ, animal 
Seeb soon experiences the c . - .. . 

chemical changes which tc 

fPh^ do cor^ecHonen mdt ice \Bitk common loU? 

Because they thus produce coM much greater than 
that of the original ice. 

"" " tfreac? 

r heat but alowly, 
■od the most intense frosts peneiratii but a few inches 
into it 5 the temperature of the ground, a few feet be- 
low iU surface, is nearly the same all the world OTer. — 
.amott. 

Why art many of the golhic hoUa and catkedrids cool 
«i tummer and tBarm in umta- ? 

Because, in pro[Kirtian aa building are massive, tbey 
&o(;^uire more of those qtiallties, which have just been 
noticed, of our mother-earth. — Jimott. 

Why is Sic degree of cold ereater the Jariher we re- 
mMtfiom Ihe earth's svrface 7 

Because the air is not heated immediately by the 
rays of the sun passing tlirough it ; but on their meet- 
ing with an opaque (or dense) body, as the earth, their 
hrat is eUcited, and thence gradually communicated 
to the Hurrounding atmosphere, 

Ja winter, Ihe earth, at eighteen mches depth, is 
wanner than the air; In summer, the air is warmer 
thui the earth at that depth : these effects are owiog 
to fte earth being a Iwd conductor of heat. — Parkes. 

Why do the Swiss peasants, mhcn they tois'i to solo 
ttctr seed, spread Uack cloth on the surface of the 

Because it may absorb the sun's rays, and facilitate 
the meldng of the snow. Dr. Franklin, to exempliij 
tbe efiect of tlie difibrcnt colours in absorbing heat, 
covered snow with piecei of cloth of different colours. 
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whon the Eiin nas sliinuig fiiUy upon the 
enow. Having dona bo, be observed that Ihe snow 
under the Mack clulh was melied flrut, tben ibot luider 
Ihe Idue, then under the brown, whiL4 Ibat under the 
white cloth was very incoiiaiderably melted. 

Wky are the haekls tif moundnru ralculaled by tht 
temptratwe at which water bails vpon their rumtaiis f 

Becauae, if we diminieh atmOBjiheric pressure, we 
lower (lie boilmg point. Thus, water, under mean at- 
mospheric pressure of 30 inches of mercury, boHa in a 
metallic vessel at 312°. At the top of Mont Blanc, 
Saussure found that it boiled at 187'', from the atmos- 
phere being less dense there than below. 

Why Ja&eair warm in mwlu or rainy tMothtr? 

Because of the liberation of the latent heut from the 
precipitated vapour. 

ffAy is IxaUd air thinner or lighter than cold airf 

Because it is a property of heat to expand all bodies j 
or rather we should say, that we call air hot or cold, 
according as it naturally is more or less expanded. 

Why is a tremvloua motion obsemaMe over ckimney- 
polt, mid aUUed roofs vMck haxe htea healed by the 

Because tlie worm air rises, and its refracting power 
being lesa than that of itio colder air, tlie currents are 
rendered visible by the distortion of objects viewed 
through them. 

WiUain doors, a similar example occurs above the 
foot-lighta of tlie aiago of a theatre ; tlie flame of a 
candle, or the anoke of a lamp. 

mg are the gas chanddiers in our ihtairea placed 
idtr a large funnel ? 

Because the funnel, by passing through the roof into 
(be outer air, operates as a very powerful ventilator, 
the beat and smoke pasang off with a large proportion 
of the air of the house. 
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The ventilation of rooms and buildings can only be 
perfectly effected, by suffering the heated and foul air 
to poBB off through apertures m the ceiling, T^iile fresh 
air, of any desired temperature, is admitted from below. 

Why is the atmosphere of theatres^ and other crowded 
plaeeSf pn^udicial to health ? 

Because it has been found, that in a theatre, from 
the commencement to the end of the play, oxygen or 
vital air is diminished in the proportion of from 21 to 
27, or nearly <me-fourth, and is in the same proportion 
less fit fi>r respiration than before. — Lawnsier, 

Why are dwing-beUs restricted in their descerU to 
ten or twelve faihmns 9 

Because of the density, and more especially the 
heat, of the air, although renewed by forcing pumps^ 
becoming insupportable. 

Why does the hark of trees resemble ckthirtfff 
Beoiuse it allows the heat to pass from me tree but 
dowly, and secures, therefore, the temperature neces- 
sa^to vegetable life. 

That ctuoric is as necessary for the support of vege- 
table as it is for that of animal life, may be proved by 
direct experiment. I^ in the middle of winter, a hole 
be bored in a tree, and a thermometer put into it, it 
will be seen that the tree is many degrees warmer than 
die atmosphere. 

Why does the effect of wind^ or motion of the aar, 
quidcen evaporation? 

Because it removes air saturated with the moisture, 
and substitutes air which is not, thus producing nearly 
the case of the substance placed in a vacuum. 

Why do liquids evaporate neither so rapidly nor so 
greatly in air, as in a vacuum'? 

BeoBuse the presence of the air impedes the spread- 
ing from the liquid surface of the newly-formed va- 
pour, and keeps it where its pressure reasts the forma- 



IBK rOR TBX PEOPLE. 

lion of more Tanour; and, because the air in coniact 
with a liguiil, sboreB its higher lemperature with die 
liquid. Sdll, in Indin, flat dislira of water, plaired 
thraugh die night on beds of twiga and straw, kept 
wet, and in a current of air, soon exhibit thin cnkea of 
ice — and thus ice is procured in India, for purposes of 
lusnry. — Jh-aolt. 

Why do heattd sea-»and and soda farm glais 9 

Because, by lioaling the mixture, the cohesion of 

Ifae pardcles of eacli sul>stanco to those of its own kind 

ja BO diminished, that the mutual attractions of the two 

. substances come into play, melt together, and unite 

libeniically into the beautiful coropoiuid coiled glass. 

fFh/ it land vaed in glass 3 

Because it serves fof stone ; it being said, that all 
white transparent alonea which will not bum to lime 
are fit to make ^hea. 

Why do cracked gUua vessels aUow liqiuirs to escape 
mareorUsst 

Because of the various fissures, which are distin- 
guished into four kinda. The first are such, that the 
liquid contained in the broken vessel escapes through 
them into the air. The second are such aa retain the 
liquid, unless llie vessel bo immeraed in water, or a 
similar fluid, and tlicn the levels of the two portions of 
the fluid, tend to approach each other, Tlio third are 
not permeable, (or, lo i>e passed through) unless the 
fluids on opposite sides have a cliemical action on each 
other: this is also the effiict produced by the mem- 
brane of tlie bladder. The foiinh kind are so fine, 
that no fluid passes, except in a single case. — Fischer. 

Why i» Jint tahk'gUus very iioWc to wear and da- 

Becauee of the ^at quantity of oxide of lend which 
it contains, to give it more den^ly and refractive 
power. Its disadvantages are extreme softness, great 
lUfflbility, and liability to be corroded by acid» A 



considerable quantity of this oxide is coniained in that 
glass iiscd for lustres, for artificial gems, and for most 
optical purposes. The superior appearance of Gui- 
nund's Swiss flint-glass is attributed to the quantity of 
oside of lead which it contains. 



ff^y is tUctridiif so caUcd ? 

Because of its origin from ekctron, the Greek Qame 
of amber, — the phenomena displayed by rubtnng a 
piece of amber, being the first physical fact recorded 
in the history of science. 

Eiectriciiy InvestigateB the attractions and repul- 
sions, the emission of light and explosions, which are 
produced not only by the friction of vitreous, reanou^ 
and melaUic Burfnces, but by the heating, cuoling, Bva- 

Kratiou, and mutual couuict of a vast number of 
dies. 

Why are certatn bodies ei^d conductors of deeln- 
cUy? 

Because they suffer electricity to pass through their 
substance. The ttieials are all conductors ; according 
to Mr. Harris, {Phii, Trans. 1837) silver and copper 
are Ibe best conductors ; then gold, zloc, and platinum, 
bon, tin, and lead. Well burned charuHil and plum- 
bago also conduct. 

ifT^ are other bodies colled non-eotutwclars f 

Because they only receive electricity upon the spo 
touched. Dry air, glass, sulphur, resins, and oils, ara 
uon'Conductors. Water, damp wood, spirit of wine, 
damp air, some oils, and most animals and plants, are 
imperieci conductors, 

nkj/ have d^eretit bodies vmiova conducting poteers 
far deefricify ? 

Because their degree depends on the quantity of 
electricity which traverses them ; so that of two con- 
ducting bodiea, that which is the best for one elecirio 
current, may be the worst for either a stronger w s 
weaker current — Profettw Ddarive, q/' Gmeoa. 



fFhy art the pKenametia of dectrKity caJled ntgaiaii 
ond poaiKtie? 

BecauBC, Franklin, observing that th« eame electri- 
dty wna not inherent in the Bune hoAy, but thai gists 
sometimes exltiliitcd the same phenomona as wax, and 



dependent upon two electric fluids, r 
the presence of one fluid, in excess \a i 
deficient in others, To represent these states, ho used 
the lerniBp/u«andminuf,pontuie and nfgalivt. Thus, 
wlien glass is nililred with mlk, a portion of electricity 
leaves the eilk and entera the glass ; it becomes positive, 
therefore, and llie silk neaalive : but when sealutg-wax 
is rubbed with flannel, the wax losca and tlie flannel 
gaioB; the former, therefore, is uegaiive, and the latter 
positive. AJI bodies In nature are thus regardeil as 
containing the electric fluid; and when its equilibrium 
IB disturbed, they exhibit the phenomena just des- 
cribed. — Brande. 

Why doe* an eledrtcol maehine produce Jlcahea and 
iparki of tight, vihen the ptaie or cylinder u turtted f 

Because, it ia conjectured, of the sudden compres- 
sion of die mr, or medium, through wliich the electri- 
city jwsses : it is, probably, always attended by a pro- 
pomonate elcvadon of temperature, aa is shown by the 
power of the spark to influence spirits of wine, fliltui- 
naling silver, aiid other eaaly inflammable compounds. 
— Brande. 

Why mU afialker adhere to rubbed or exeiitd seuitng- 
wax, taut ihenj^ail offf 

Because it is attracted by, and remains in contact 
with, the wax, till it has acquired its electricity, when 
it will be repelled, and in (hat state of repulsion, it 
wdll be attracted by an excited glass tube. 

Wh^ Aim ift« DDpcarajwe of eltctncjirt oary^ 

Because of the different density of the medium 
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througb which it passes. Tliua, in cammoD air, short 

r'ke are slraighi, or nearly so, tinil loiig ones sdg-zag; 
foraier are brilliant, especially at their excremilies, 
(be laKer uautUly of a paler or redder bue. In con- 
densed air, the electric gpark is bright and white ; in 
rariiied air it is of a reddish tinge, and faint and 
divided; in the more perfect vacuum of a good air- 
pump, it ifl of a purpliali hue, and only visible in a 
darii room. In the most perfect vacua which can bo 
obtained, it is scarcely viau)le, and of a greenish tint. 
In difierent gasea the electric spwk appears most bril- 
liant in thoee which are most dense ; in hydrogen gas 
IE is fiiint and red ; in carbonic acid it is vivid and 
white. — JBrande. 

ffhy is the cUelrical thock produced at Ui€ joints of 
titt Jingerg, Ow. elbows, ihmdders, and cheat, In/ holding 
the dMcharger of a Leyden phial f i 

Becauee there is an accumulation of electrical 
within the phial, which consists of a thin glass jar, 
coated internally and externally with tin-foil, to within 
a short distance of lis mouth. When the inner sur- 
Ikce is rendered po^live by union with the conductor 
of the electrical machine, the exterior, being connect- 
ed with the ground, becomes negative by vicinity or 
poaitton. When the inner and outer sur&ces are 
united by a conductor, all electrical accumulation is 
annilulaied by a powerful spark, and the two opposite 
states are fountl to have been precisely equivalent. 
Metallic wires, with baits at their ends, bent or jointed, 
cu)d fixed to a glass handle, are generally used to 
trsnafer the electric cliarge, and these instrimients are 
called dischareera. A pone of glass, coaled upon both 
sides to withui an inch of its edges, with tiu-foil, 
exhibits precisely ihe same phenomena as the phid; 
hut it is a less convenient funu of the apparatus. — 

iFhy does tht aura {or wiaid of on tlectriad Moekme) 
^^MotB Old a candle ? ^^M 
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Because of tbe rapid Buccessiotiof tliaeleclrifiedMr. 

This el^ut is felt upon liolding tlie Land near the 

K'lat of a wire affixed lo tlie couducior, when a peeu- 
r (lolduess is pi:rceived. It conuniinicatea motion 
to light liodiee, OS is seea in electrical fly-wheela, and 
in models of nulls, orreries, and other aiuuaing electra- 
mechanical apporutus. 

Whi it an arrangemenl of seperai Leyden jars caSed 
andtetricid batten/'i 

Bucauae by a communicatioii cxiECing between all 
thmr interior eootiiigs, iheir exterior being also united, 



aiderable report, and if it be passed through Binall 
BuimBla, il instantly kills them ; if through nne me- 
tallic WoBs, ihcy are ignited, melted, luid burned; 
and gunpowder, cotton Bprinkled with powdered reein, 
and B variety of other combustibles, may be inSomed 
bf the same meane. 

Why is lieht ^duud in the empty part of a baro- 
mdertvbt, xAen tt is thaken in a dark room? 

Because the glass becomes electrified hy the Mo- 
6cm of the mercury. Even the friction of air upon 
bIbbb ia attended by eleetrical excitalion : for i( has heen 
found, thet by blowing upon a dry placo of glass, with 
B pair of bellows, it ecqmred positive electrici^. 

Wlm is a plate o/'iiiK, uiActi brought into contact imA 
one 0/ copper, or jiiiwr, found, after removal, to be poii- 
tivdt/ dectrical, arid the silver or ropper le/l in the oppo- 

Becauae of the electrical e^icitation by contact of tho 
different metals, the most osidi/able (Uahle to rust) me- 
tal bring always positive in relation to the least os- 
idlzable metel, which is negative ; and the more oppo- 
nte the m^lala in these respects, the greater tho elec- 
trical excitation ; and if the metals be placed in the 
following order, each will become positive by the eon- 
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tact of that which precedes it, and negatiye by the con- 
tact of that wliich follows it , and the greatest effect 
will result from the contact of tlie most distant metals. 

Platinum 

Gold, 

Silver, 

Mercury, 

Copper, 

Iron, 

Tin, 

Lead, 

Zinc. 

Whf tare hrcus cocks in leaden dsHems corroded at 
ihejunetionf 

Because of the chemical effects of the contact of 
the metals. Injike manner, the places where solder 
is applied are liable to depositions from the water. 
Iron railings are apt to be decayed and dissolved, 
where lead is used to fix them in stone cavities ; and 
where iron is employed in fixing a bronze statue, my 
friend Mr. Chantrey (observes Mr. Brande) informs 
me that it prevents the acquisition of the desirable 
green rust 

Why have copper been svbstitvted for iron naUs and 
pins in fastening sheets of copper to mips* bottoms ? 

Because the galvanic action produced by the union 
of the two metals, iron and copper, was a great cause 
of destruction; and copper nails and pins, although 
not so strong, are not attended with the same incon- 
venience. 

The last experiments which engaged Sir Humphry 
Davy's attention to any extent, were on this application 
of electrical combinations, for the purpose of preserv- 
inff the copper sheathing of ships' bottoms. To this 
sumect Sir Humphry Davy gave much of hia time, 
and personally inspected all the boats and vessels 
on which the trials were made. Although the theory 
upon which they were conducted proved eminentfy 
correct, no advantage could be ultimately taken of the 
plans which it suggested. The saving of the copper 

e2 



was wholly counierbalonced liy an nccumulntion of 

shell-fidi mid sea-weed on the shenlhing', wL'tch became 
BiiilicieDt, in a slioit time, to prevent the proper com- 
mand of the Bliip at the hehn. 

H'hv u eledridljf nippuaed to coneisl in a rare, stAtle, 
and htghl)/ elastic Jluidi 

Because a fluid of this kind, when accumulated in 
excess in bodies, lends consCantij to esca^Q, and eeeka 
& reuoration of equilihriuni by communicating itself 
to any others where there may be a deficiency ; thiis, 
in iu tendency to expand and diffuse itself, pervading 
with more or less facility the substance of conductors, 
but obstructed and detidned from ospan^on more or 
lest completely by nun-conductors. It ulso appears 
that all electrical phenomena are explicable an this 
supposition, 

ffhy it animal dertricili/ also called ^ohiodain 7 

Because of its discovery by Galvani, by tlii: accidental 
Buspenmon of recently killed frogs, by copper hooks, to 
the iron palisades of hla garden, whenbcohaen-edcon- 
rulsive movements in the limlis of the animals, nltich 
no known principle could explain. Galvani,at length, 
ascribed iheae muscldar movements to o series of dis- 
char^ of a peculiar elcctrici^, inherent and innate 
iu living beings. 

Wh) toere the ^teriomena just mentioned, called Vol- 
taie eferirieiju? 

Because Volta proved that they proceeded from tiie 
contact of the two dissimilar mi^tals (of die hooks and 
paliaades) copper and iron, producing such a disturb- 
uicB of the electrical equilibrium as was sufficient to 
aflect the most delicate of all electroscopes, (meaaurea 
of electricity) the uritabiliiy of a newly-killed frog, 
though it was inaenaible to every electroscope of human 
cousiruction. Galvnni, however, proved that muscu- 
lar coQviilsions could be produced iu die limbs of dead 
frogs, altogether independenl of metals. 
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GalTBnism has of late years given birth tt 
nients that have changed the face of chemical M- 
bwopby. Oue of i\e iudsi brilliant results is thuB 
beautifully illuairated in a Treatise "on the objects, 
advantages, and pleasures of scieuce," attributed to the 
present Lord Chancellor: — "It is to the results of the 
Femaik accidentally made upon the twitching in the 
6og^ iega, nol, howerer, hastily dismissed and for- 
gotten, but treasured up and pursued through many an 
elaborate esperiment and calculalion, that we owe our 
acquaintance with the extraordinary metal, liquid-like 
mercury, lighter, than water, and more inflammable 
than phosphorus, which forms, when it bums, by mere 
espoHure to the air, one of the salts best known in 
comioerce, and tlie principal ingredient in saltpetre.'' 

Why toas the VoUaic pUe/irst constructed? 

BecauBS a slender rod of silver and of zinc, touch- 
ing each other at one of their ends, and at the other 
braugbt into contact with tlto nerve and muscle, or 
qnne and toes of a dead frog, having excited powerfid 
coDTuIsioDB, it occurred to volta that a repetition, on 
a more extended surface, of that simple series of two 
metals and moisture, might produce a combined effect, 
capable of txang felt by the human hand. Hence, he 
constructed, by regular alternations of nlver, zinc, and 
moistened cloth or pasteboard, in a. columnar form, 
the electro-chemical pile and batteiy. The best form 
of the Voltdc instrument is, however, that of a trough 
of earthenware, witli divisions of the same material, 
(to be filled with dilute acid) ; and the metallic plates 
are attached to a bar of wood, so that they can be 
immersed and removed at one operation. Such ia 
the great apparatus of the Huyal Institution, the moat 
powerfid battery yet consirucled in declro-chemicai 
%Kltniity. The whole surface is ISiS.OOO square ipchea. 

Mr. Pepys likevrise constnicted a battery of 2000 
plates for the London Institution; and Mr. Children 
constructed a vast appamttK, the plates of which 
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were two feet eight ini^hi^a wide, and six feel high. 
They were fiistene-d to 8 beam suBpendeii by coiinter- 
poiaee from ilie ceiling of bie lubomiory, bo as to be 
eaeily imnH-rsed into, or witbdrawn fi-oui, the cells of 
the arid. — Brandt. 

There are six grest eras in efccfro-FfccmiroJ getenee: 
— 1. Its first discovery by Galvani. S. Volta'fl disco- 
rery of the contact of dissimilar metals disturbing the 
electric equilibrium. 3. Volta's inventiou of the pile. 
4. The chemical power of dils instrument firet obscrV' 
ed by MessTs. Carlisle and Nicholson, in the deconnjio- 
dtion of water. 5. The identity of these chemical 
«ffi)CtB with those producible by common electricity, 
fitn discovorcil and dcinonstiBled by Dr. Wollasion. 
And, lastly, tlie general laws of electro-chemical de- 
composition and transfer, revebled by Sir Humphrey 
Davy in a wries of memoirs equally remarkaljle for 
genius and iuiiustry. — Urt, 

HTiy it tledricify eoiUiniiaSjr active in nahiTt ? 

Because general changes in the form and consti- 
tulioD of mutter, are connected with its electrical 
stoles. 

Why docs illi^Utn'} 

Because of the accumulation of electricity in the 
clouds: hence it is, in philosophical parlance, called 
the Atrtricjlmd. 

The discharge of electricity in a tliunder-storm, ia 
BOinetimeB only from cloud to cloud ; Bometimes from 
the eartli to the clouds; and someiinies from the 
cloads to the earth, as one or otlier may be poritivc or 
negatiTe. When aqueous vapour is condensed, the 
clouda formed are usually more or less electrical ; and 
the Bar& below them beine brought into an opposite 
atate, a discliargo takes puce when the clouds ap- 
proach within a certain distance, constituting light' 
nuig. — Brande. 

Why doa it thunder 7 

Because of the undulation of the sir, produced by 
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the electric diacliat^ just mentioned ; ihtmder b^g 
more or l<«a intense, and of longer or shorter duration, 
Bccordiog to ibe qiianlily of air acted upon, and ihe 
distance of the place where ihe report is heard frem 
tiie point of tlie discharge. 

Mr. Brande, Iroin whom we quote this explanation, 
gives a further illustraiion of this idea ;-—" Electrical 
cfiectH lake place in no sensible time: it has been 
found liiat a discharge through a drcuit of four miles 
is instantaneous ; but soimd moves at the rate of about 
twelve miles in a minute. Now, supposing the light- 
ning to IIH5S through a space of some miles, the explo- 
rion will 1)0 firet heard from the point of the air 
agitated,' nearest to the spectator; it will srajluaUy 
come fi-om the more distant parts of the electricity, 
and, last of all, will be heard from the remote extre- ^^^ 
mity : and the different degrees of the agitation of tln^^^| 
air, and likewise the difference of the distance, t^iV^^H 
account for the different intensities of the soimi^ bim||^^^| 
its apparent reverberations and changes." ^^H 

Sir H. Davy, in his MemerUs, says ; " In a violent ] 

tliunder-storm, when the sound instaudy succeeds the 
fiash, the persons who witness the circumstance are in 
some danger; when the interval is a quarter of a nu- 
Quto, they are secure." ^^h 

ff^ ore pointed condudort fited as safeguards (s ^^| 
buSdings? ^^U 

Because Ihe fluid or ligh tnin g may be attracted and ^^H 
circulated along them, and tliiis kept from injuring^ ^^H 
the building, till at length it reaches the earth as a 

In these cases, the conducting rod or rods should be 
of copper or iron, and from half to three-fourths of an 
incli in diameter. Its upper end should bo elevated 
three or four feel above the highest part of the build- 
ing, and all the metallic parts of tlie roof should be 
ctumected with the rod,wluch should he perfectly con- 
^^RUOUB throughotit, and passing down the side of the ^_ 
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building, iieaetnile aeveral fisel below its Ibuudalioil, 
80 aa always id be iiiuneraed Iii a nioiatsDuiiuii of eoil, 
or, if pqbm1)Ic, into waler. The leaden water-pipea 
■ttacbeil lo bouses oAen might be loajle to anawor the 
purpose of conductors, especially when tliick enough 
to nsiat fusion. — Brandt. 

The magnificent efiecta of electricity in the thunder- 
storm, were first experinientaUy deiiioastrated by Dr. 
Franklin, whose whole life was poased in ameliorating 
the condition of his fellow creatures. 

ffhv (I the fisiule an wisqfe place in a thunder' 

Because the carbonaccDus matter, or eoot, with 
which the chimney ia lined, acta as a coudnctor for 
the lightning. 

tfh/ is tlie middle of tm aportnMtii Oi& safest place 
duriTig a ^itnder-storm ? 

Because, should a fiosh of ligh tnin g strike a build- 
ing, OT enter at any of the windows, it will take ila 
direction along the walls, without injuring the centre 
of the room. 

fFhy is bed a place of eomparaiive aqfety in a thm- 
(fcr-s(Dnn ? 

Because blonkeia and feathers are non-conductora. 
A woollen rug ia likewise a non-conductor, but it 
Bhould be removed from the chimney. Boll wires 
baing conductors, are almost always melted in houses 
■Iru^ by lightning. 

ffllg it it dotigeroys to take shelter under a tree dining 

- Because the tree is a good conductor, probably from 
vegetation tending to atraosplieric electricity, and the 
immediate vicinity of tlie tree being more highly 
electrical, as will be presently Bhown, [See pagt 47.) 

The safest situation without doora, during a slorm, 
ia within some yards of trse*, and upon the dryest spot 
that can be Bel«ci«d. 
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ffSy are ghipt at ma so often destroi/ed iy %ft(ning' 




Because of the eteiK qiinjitily of metal, and j 
cuiarly of iron, wTiich is employed in the riggingjJ 
more eBpctially aa tlie inetnllic masses are there neaHyS 
inaulaied, or coiinecied only by very imperfect — 
ductors. 

These inferencea are drawn from oi 
count of an accident to the packet ehip the New iforit, 
by Lghtning, in 1837. The paper ia by Dr. Trail, and 
was communicated to the Royal Society by one of its 
most di»tingiiished fellows, the present Lord Chancel- 
lor. It wilX of course, be found in tiie PhUomphical 
Thmsaetians of the year, but, perhaps, more reaffily, in 
the Jlreana of Srience and AH for 1829. 

tVkif M a>pf» a belter material for a conductor &aa 

Becntiae copper is less Kable either to fiieion or 
conversion. A rod is also, from its continuity, abetter 
form of conductor than a chain. 

ffAy ore there " retuming" tlrotts qf lightning^ 

Because they are due to the restoration of the natural 
electric slate, after it has liccn disturbed by induction. 
Thus, if a person be brouglit into a highly electric and 
negative state by induction, from (he approximation of 
a body highly charged positively, and tlicn the Inoer 
be disuharged by means having no connexion with the 
negatively electnfied person, the negative state of the 
latter will be immwliately destroyed, and an effect, in 
part analogous to a positive discharge of electricity, 
will be produced. Some of tho most serious accidents 
which occur from lightning are supposed to be pro- 
duced in this way ; not by the mere disturbance of 
electricity in a neraon only, but of the electricity of 
those bodies with which tlie person may be in contact, 
and to which he accidentally serves as a conductor. 

For on illuBtrative narrative of a retuming stroke of 
lightning, near Paris, m September, 1836, see a paper 
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translated from tlie ^rudf* de Ckimie, in tfao Quor- 
UHy Jo.OT.oi o/SHence for 1836. 

Why are vitreous hitiej occvrting in devoted landg 
datricU, caUtd " lightning tubes?" 

BeCAUse Iliey have l>euD considered as produced by 
ligbmlng, which melts the soud to a conBtderabM 
depth, BO OB to Ibnn a lube, eomiDoidf stnuous, with 
eoM and smooth ■walls iotcmnlly, and rough on the 
outside. In 1828, a young German naturalist pi'e- 
sented to lus academy some of Iheeo tubes aevcntcen 
feel in length. It has been asked how electricity 
could produee effects so intense, and which have been 
considered bo dificrent from those obtained &om artifi- 
cial eleclrieity ; but this point has been decided by two 
eminent French chemists' succesB in forming fragments 
of tubes perfectly resembling the natural lightning 
tubes, on}y Ihut their wuUs were less eobd, and their 
length less. 

fy>y hate tht gjpnnotus, or dedrie eel, and ihe torpedo, 
or ettdrie td, a benumbing effect when tovehtd ? 

Because of certain singularly constructed organs 
given to thoee remarkable animals for the purposes of 
defenee, which certain forms of the Voltaic apparatta 
much resemlile ; fM* they consist of many nltemationB 
of difiereni substances. The^e electrical organs are 
much more abundantly supplied with nervea tlian any 
other port of tlie animal, and the too frequent itse of 
them IS succeedeil by debility and death. — PhOosophi- 
cal Tranaadiora, 1817. 

Towards tite close of his valuable life, Sir H. Davy 
dated from Lubiana, Illyria, (1628) an important paper 
oontuining a s.immary of his experimenta on the tor- 
pedo. It will be found in the PhUasophical Vranaae- 
(ioiuof the year. Among the inferences drawn by Sir 
Humphry, is "a Wronger analogy between common 
and animai electricity, than between Voltaic and anU 
Doai electiici^; and a probability tliat anima] elet;- 
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tiicity will be found of a distinctive and peculiar Idnd." 
This opinion, it will be perceived, is at variance with 
^e explanation quoted in the preceding paragraph. 
Again, Sir Humphry observes, "the organ of the 
t(»pedo depends for its powers upon the will of the 
animaL John Hunter has shown how copiously it is 
fiimished with nerves. In^ examining the columnar 
structure of the organ of the torpedo, I have never 
been able to discover arrangements of different con- 
ductors similar to those in galvanic combinations ; and 
it seems not improbable that the shock depends upon 
some property developed by the action of the nerves." 

Why do vegetables tend to atmospheric electricity f 
Because of the action of the charcoal they contain 
upon the oxygen of the air ; and when it is considered 
that on one hand about fifteen grains of charcoal, in 
becoming carbonic acid, gives out suficient electricity 
to charge a Leyden jar ; and, on the other hand, that 
the charcoal which is contained in vegetables does not 
give out less electricity than charcoal which bums 
nreely, one may conclude, as dh-ect experiments tend 
to prove, that over a surface of vegetation, 100 metres 
square, more electricity is produced in a day than is 
necessary to charge the strongest electrical battery. — 
Jl£ Pouulet, in the Annates de Chimie, 

ffhy is etectricUy beneficial to plants ? 

Because electrined seeds pass more rapidly through 
the first periods of vegetation, than such as are not 
electrified ; and electrSied roses flower more rapidly 
and abundantiy. Plants with pointed leaves and spines 
attract electricity. 

ffhy is the cutting doum afforests found to diminish 
ihe quantity of rain 7 

Because it is supposed to diminish the attraction for 
douds. 

Why do leeches die suddenly at the approach qf or 
dunngstorms7 



Because of liie coagulatioD of their blood, caused by 
Ibc iia|irt«sioa ol'the atmospheric electrictQ'. 

fVhv ia rkclrieily amaidertd an iniportant chemical 

Because it not only produces an itifinile variety of 
changes, liiit likewise kUluences almost all which 
lake place. Thus, there Senottwo subalaoces on the 
lurface of the dobe tlint are not in difierent electrical 
relatiouB to each other ; and chemical attraction itself 
■sems to be a peculiar form of the exhibition of elec- 
trical attraction; and wherever tiie atmosphere, or 
water, or any part of the siirlace of the etuth gains ac- 
cumulated electricity of a different kind &om the coti- 
tiguous surfaces, the tendency of this electricity is to 
produce new Brrangeraenis of the parts of these aur- 
iacea ; thus, s positively electrified cloud, acting: ereo 
at a great distance on a moistened stoue, tends to 
attract its oxygenous or acidifbrm, or acid iugredieots, 
and a negatively electrified cloud has the same effect 
upou its eaxtliy tdkallDe, or tuetalUc matter ; and die 
alent and slow operation of electricity is much more 
important in the economy of nature, than its grand 
and impressive operotian in Ughtning and thunder. 
The chemical agencies of water and air are assisted by 
those of electricity ; and their joint effects, combined 
witli those of gravitatioa, and certain mechanical ooes, 
ai'e sufficient to account for the reaulla of time. — Sa- 
il. Davy'a Comolalioru in Travel. 

Whjf art Tiiagnctiim and tlecinaty, tohick had long 
bten tluditd as separate branchei oftdence, note c^cdw- 
aUvbUndcdi 

Because all the phenomena of magnetic polari^, 
I, and repulsioD, have at length been reaolved 
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. J one general fact, that two currents of electiid^ 
moving in tlie some direction repel, and in coutmy 
directions attract, each other, — Htrsdtd. 

Hence, the magnetic effects of electricity conatituie 
1 new branch orsclence, tinder the title of deetro- 
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wia^ndism. The more popular phenomena of mag- 
netism, which it will be our object to explain, do not, 
however, belong strictly to chemical inquiry ; we may 
therefore reserve their illustration for a more fitting 
occasion. 

LIGHT ASD FLAME. 

Why may light and air he said to constitute a portion 
of our earth 9 

Because of their absorption by the earth. Thus, 
the light emitted by burning coals, (which are gene- 
rally admitted to be of vegetable origin) has undoubt- 
edly been condensed in them by a process of nature 
which bids defiance to conjecture. — Mr. Detrosier of 
Manchester. 

Why does afire give out icarmth 9 

Because the heat is radiated; there being but little 
connexion with tlie immediate conducting power of the 
air; thus, if a concave metallic mirror be held opposite 
the fire, a heating and lunimous focus will l)e obtained. 

Why is ice produced in India (as described in 
page Si)? 

Because, chiefly, of the high radiating powers of 
the dry straw which is strewed in the inclosures, con- 
taining the water in shallow dishes. Calm and serene 
nights are most favourable to this operation, and it is 
necessary that tlie straw should be dry; for, when 
wetted, the production of cold is prevented ; a circum- 
stance which shows that evaporation is not the cause 
of the duninished temperature. We quote this fi^m 
Brande, although the conclusions do not coincide with 
the opinion quoted from Amott, at page 33. 

Why are certain rays of (he sun termed decompo9' 

Because they have a tendency to interfere wkh the 
chemical constitution of bodies. Besides this ^d of 
rays, it is ascertained there are two others ; the calori* 
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fie, or heating rays; oiid the luminous, or oolourific 
niys, which produce vieion and colour. 

Sir I]. Davy tias, in same general facta of Kfcat 
interest, tracna an analogy between the effecta of the 
sun's rajBand the ogcnciesof elecirieiiy. 

WAj art the tenna rtd-hot and lehiie'hot used ? 

Because, when iHwlies mb ren<lerod luminous by 
great elevation of temperature, the light which tiiw 
emit oflen appeaia depeiid«^nt upon the heal to which 
Ihey aro eubjet^ted. There are, however, certain 
homes which, at high temperatures, are remari<able 
for the quantity and extreme brilliancy of their li^t, 
independent of actual conibustion ; thjs ia tlie case 
with several of the earths, but more especially with 
lime, a small ball of which, about a quarter of an 
inch in diameter, being ignited in the Uame of alcohol 
lU'ged by oxygen gas, emits light ; having about thirty- 
seven times the intensity of an Argaud lamp burner. — 
Brande. 

Lieutenant Dnuninond has proposed to apply this 
principle to the improvement of the illumination of 
light-bousGs; by suhstituting "for the Argaud burners 
a small hall of lime ignited Dy llie conjbustion of osy' 
gbn and hydrogen." His experiinentB are described 
m the PhSoaophtcal Transactuim, 1B30, as follows: — 

*■ Prom lliis small ball, oidy three-eights of an inch 
in diameter, so brilliant a light is emitted, that it 
equals in quaiiliiy about thirteen Argand lamps, or 
120 wax candles; whde, in intensity -- ■---■—-- 
brightness. It cannot be less than SCO tin 
Argand lamp. These reiuartnble results 
from a series of experiments made lately 
House ; and, having been repeated vrilh i 
lion, and hy different individuals, there set 
to doubt their accurocy. In the boat of i 
lights, such as that of Beachy Head, there are 
than thirty reflectors, ten on e«ch Hide. If, then, ft 
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aiDgle reflector, illumiiiated by a lime ball, be subslitu- 
led for each of these ten, the effect of the three wotJd 
be twenty-sis timea greater than that of the thirty, 
Oa account of the amaller divergenco of the former il 
would he necessary lo double their number, placing 
thvm it) a hexagon inatead of a triangle. In this case 
the expense ia estimated at nearly the same, This 
method was tried lately at Purfleet in a temporary light- 
house, erected for the puqiose of experiments by the 
corporation of the Trinity Hotjae, and its superiority 
i>ver all the other lights with nhich it was coDtraEted, 
was fully ascertained and acknowledged," 

ffky art light and heat necRsaary to Uie exateme of 
plants'} 

Because, in the sunshine, vegetables decompose the 
carbonic acid gas of the atmosphere, the carbon of 
which is absorbed and becojiies part of their organized 
mnlter ; and the oxygen, which is the other cooHtituon^ 
is thrown o£ 

ffhy do not plants^ourish in the dark f 

Because no oxygen is then produced by litem, and 
no carbonic acid absorbed. 

Ught exercises a very remarkable influence tipon 
ihe irritability of the sensitive plant. Tlius, if a sen- 
wtive plaut be placed in complete darkness, by carrying 
it within an opaque vessel, it wiU entirely lose Its irri- 
tability, and that in a variable time, according to a 
certmn state of depression or elevation of the surround- 
ing lemperamre. 

Again, Mr. Burnet finds that when a senative plant 
baa been made to droop, if the part in which the 
moving power resides is blackened bo e^ to absorb the 
Kght of tlie Bim, the restoration of the plant to iU 
natural state is very much longer before it takes place. 
He aJso Snda ttiat at the moment the expansion at the 
foot of the leaflets, or otlicr parts, is touched, to pro- 
duce the motion of the plant, it cbongea colour.— 
P/tHot. Mag. 
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fFk}/ are caiain boditt taid to ht phosphoracati f ■ , 

UefJtUBe, wlicii lieaud to b certain point belov^ 
cjuidewence, (an exceedingly high leinperattire wM 
oul tlie production of any goa] they becoitie luniuiou% 
williwU undergoing combustion. Oil, w>ix, sperma- 
ceti, and butter, wlien nearly boiling, ore luminous — 
Brandt, 

Why are other dasttt ^ phospkonicent bodiei colled 
teita' photphori? 

Because they become lujninoua wlieu removed into 



covery by a shoemaker of Bologna. — Brandt. 

Wuliler, o Goruitm cheiniH, recoiiunends, as likeljr 
to give phosphorus at a ver^ cheap rate, to diatil, Inr a 
Htrotig float, ivory block with half its wiiiglit of fine 
sand and charcoal powder. A silicate of lime is 
Ibrmeil, and the carbonic oxide and phosphorus come 

Dr. Daclie, of Philadelphia, states, that at the tem- 
peraiiire of siTcty dc^es Fahrenheit, or upwards, 
carbon in the form of animol charcoal, or lamp-black, 
causes the inflammation of a stick of jibosphorus pow- 
dered witli it ; the cfToct takes place either in tiie opoi 
air, or in a close receiver of a moderate size. 

Bodies ipontantouslii photphorescenl belong to an- 
other class. Among these are ibe flesli of salt-water 
lish jiiBt before it ptitrifies, and decayed wood. The 
glow-worm and the lantern-fly, certain ihell-fiab, me- 
duBiD, &c. are also luminous wlion olivo ; and the hun- 
dred-legged wonti, and some other worms and insecta, 
shine linlliaiitly when illuiiiinoieiL These phenomena, 
as well aa the phoBriioresconcc of the sea, will, how- 
CTer, be explained elsewhere. 

The phosphorescence of fish has already been 
twliced, and attributed to aniiiialculfe ditraig — '—'■— 
Hon; whereas, from the experiments of C^ 
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EHr. Hulnie, it appears [hat "sea-fish become lumi- 
_iMiB in about twelve bours oAer death, tbnt it ioi^TOSsea 
"iffl pntrefaclioD is evident, and that It iLen decreases." 

fn^ mag^fiame in general be regarded as tummma 
gaseoail matter ? 

Because hydrogen gaa, probably, furnishes the pureat 
flaine whicJi con be exhibited ; for ihe flames of bodies 
which emit much light, derive that power &i>m solid 
matter which is intensely ignited and diffiised through 
them, and which in ordinary flames, as of gas, lailow, 
wax, oil, &c. consists of finely-divided charcoal — 

Dr. Ure, speaking of " the nature of flame, and of 
the relation between die light and heat which compose 
il," saya, " The flame of combustible bodies may, in all 
caaes, be cou«dered as tlie cumbuslion of an txplomx 
mixture at inflammable gas or vapour with air. It 
cannot be regarded as a mere cumbu^on at the sur- 
face of contact of the inflammable matter. This jact 
is proved by holding a taper, or a piece of burning 
phosphorus within a flame made by the combustion of 
aicoliol. The flame of the taper, or of the phosphorus, 
will appear in tlie centre of the other flame, proving 
that there h oxygen even in its interior part. 

tn.^ does spirit of mine tomrtimti bum unlh oariouf 
nlovrcdjames ? 

Because of its admkture with different substances. 
Thus, from borax it acquu'es a greenisk ydlovi lint; 
nitre, and tlie soluble salts of baryta, cause it to bum 
ytUme, and those of strontia give it a beautiful rose 
colour ; copper salts impart a fine green. 

Dr. Ure, in hia valunble Dictionary of Chemiatn, 
(edJL 1630) gives tlic folloiring recipe for the beautiful 
Ttdf-re now so effectively used to aid stage efiect al 
the theatres : — 40 parts dry nitrale of strontia, 13 pans 
finely powdered sulphur, 5 parts chlorate of potash, 

E muriate) and 4 parts sulphuret of antunon;. 
I 



r, Bud then 

other Iiigredieots, previously powdercjl luid mixed. 
No other kind of iiiixlure thsD rubbing together on 
paper is ntquired. Sometimea, a little realgar is added 
to the Bulphuret of antimony ; and frequently, when 
the fire buma dim atid liadly, a very amoll qtianlily of 
finely powderod cliorcoal, or Jamp-blaolt, will make il 
perfect. 

Why ia working in coal mines eomelimcs fatal to 

Because of the carburetted hydi-ogen gas, or damp, 
and noidoua cdiulattonB, during the worhios of the 
coah, frwn fisaures or crocks in the beds ; when this 
has accumulated eo ti9 to form oue-thirteenth of the at- 
moq>here of the mine, it becomes exploMvo by a light- 
ed candle or any kind of flame. By ntiners, this gas 
is called Jirt-daiap, to distiuguiah it from carbonic acid 
gas, which tliey call choke-damp. 

The late Mr. Spedding, havuig observed that the ex- 
jdoHiTe damp could oidy be kindled by flame, and was 
not liable to be set on fire by red-hot iron, nor by the 
Bparks produircd by the colluion of flint and ate^ in- 
vented a nioclilne, in which, while a ateel wheel was 
turned round ivith very rapid niolioii, flints were ap- 
plied to it, and by the abiiiidance of liery sparks emit- 
ted, the minera were enabled to carry on tlieir work in 
places where the flame of a lamp or candle would oc- 
catuon dreadful explosions. 

my VI the sufily-lamp »o caUed? 

Becouae it consists irfa lamn surrounded by a wire- 
gauze, '^tfh, by coniiuiug the flnme from the flro- 
damp, without iutercepiiiig the light, enables tha 
miners to work in safety; and which, in gratitude to 
tta illustrious inventor, Sir U. Davy, is, in Tilnlng dii- 
triets called tht Daui/. 



W% dofs the vnre-eauzi: prevent aploHoa ? 

Because th(i mesibes oF Ibe gauze are of Buch K ^ 
size that it flame of tlie gas atlemptiag to pass [hrougfa 
it, is BO cooled by the heat-abBorbuig and hGat-c[>n- 
ducting power of tbe iiietal, as lo be extioguiabed ; 
or, in fewer words, tbe leiiijieraliire of iho flsjue is 
eo much lowered as to be lusiifGi^leiit lo i^ite the 
iaflammable mixture on the outside. '^^'" — =' — •■ 
I>y bringing down a piece of fine bn 
gauze upon the flame ttt a candle ; or, what a 
liettcr, upou an iiiliamed '}'-'" 
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med j'it of coal gas, it will, i 
it upon tbe upper surface. 



•.r parses through, may be slio' 



Mr. Brande further illustrates this principle, by nap*: \ 
posing the flame of a couinion lamp to be eyerywlims^ 
properly surrounded with wire-gauze, and in that state 
immersed in an exploitive gaseous mi^ure, (like the 
fire-dsmp) it will be inade<|Uate to its infiammation j 
that part only being burned which is ivUkin the cage ; 
communication to the inflamiu^le air inithovt bemg 
prevented by the cooling power of the metallic tissue ; 
so that, by such a lamp, the explosive nnzture will be 
consumed, but cannot be e.tploded. 

The apertures io the ^uze should not be more 
than oue^twentictb of an uicb square ; iu the working 
model which Sir Humphry Davy sent to the mines, 
there were 748 apertures in tbe square inch. 

The above is tlie explanation of the principle, by, 
and from tbe reasonings of, the ingemous inventor 
himself. — Some fects known tw Signer G. Libri, of 
Florence, were, however, at variance with thia hypo- 
thesis, and he found, upon trial, that when single rode 
were made to approach a flame, tbe latter was alwa^ 
inflected on all sides from the rod, as if repelled by it ; 
and that tliisefiect was independent of the conducting 
power of the rod, whether good or bad. The amount 
of inflecdoD or repulmon was directly as tiie mass, and 
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invorsely as the disumce from the flame. It was not 
dJmiiushed by increasing tht teiTipcruliire of the rod 
even in such a degree ns to render k scarcely possible 
fiir it to Hbstract uny of the caloric. In fact, when tvra 
flames are maile to approach each other there is d 
inuEual repulsion, although their proximity iocreases 
Ibe temperature, instead of diminishing it. From 
Ibsae prmciples, Signor L. says, the theoiy of tho 
safety lamp la easily deduced. A metallic wire exert- 
ing; accordiog to its diameter and its own nature, a 
constant repulaion upon flame, it is erident that two 
parallel wires ao near eacli other Bi not to oxoeod the 
distance of twice the radius of the sphere of repuMon, 
will not pennit a flame to in^uate itself botween 
them, unless it be impelled by a force superior to the 
intensity of repulsion. If to these two wires others be 
added, a tissue is formed impenetrable to flame, espe- 
dally when the conducting power of the wires adds its 
infltience to ttiat of the repulsion. He conceives thal^ 
from the views above stated, the number of cross or 
horizontal wires in Davy's lamps are tuinecessarily 
large; and that by rejecting alt of these excepting 
a number sufiicient to seci^e ihe firmness of the tis- 
sue, ijie lamp would afford as great a security aa at 
present, a]id,at the sanie time, diffuse a much greater 
tigbt — tliis opinion he has verified by actual experi' 

Again, a Mr. Ddlon, an ingenious writer on prac- 
tical science, inainlains, in opposiuon to 8ir Humphrey 
Davy, that ilie Davy lamj) acts by its heat and rare- 
fection, not from ibe flame being cooled by the whe- 
gauze covering. He shows, by a mmple experiment, 
that the Davy lamp is not safe in a current of hydro- 
gen, or carburetted hydrogen gas, which, if steadily 
directed on the flame of the lamp from a t)Iadder and 
stop-cock, by eooliaff the viin-gavze, brings the flame 
of the lamp tlirough tho gauze to the mouth of the 
stop-cock, even should there be six tbids of gair « 
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inMrreiiiiig. He shows also, by immemng the lamp, 
when cold and newly-lighted, into a jar of dense 
bydrogci), or carburetted hydrogen gas, or on eiqilo- 
Bive muiture wiili atmospheric air, that oxploaioii 
takes place inside and outside of the lamp ; wliereas, 
when the lamp has burnt suHiciently long to heat 
the mre-eauzi^ no explosion lakes place on the 
outside of the lamp. These experiments appear 
inconlrovertihle in siipi>ort of his theory, which is, 
"Uiat the leire-eiarze u merehi ike rapid receiver and 
llie relainer of heat, and thai ii is the caloric in ilt 
taeihes which preventu the Jlmne of Ihe lamp from 
ban^ fed bij (Ae oxygen of ihe almoaphere on the 
otitnde." 

Mr. Dillon increases the heat of the lamp, and places 
on it a shield of talc to protect it from a current, 
and, upon his theoiy, (he sbaAs or workings of iron 
and coal mines may be lighted with gas with perftcl 
safety, protecting the flaino with wire gauze and a 
circular shield of talc 

The esploBiona from fire-damp oro truly terrific. 
Sir H. Davy says, " when this gas has accumulated in 
any part of tlie gtJlery or chamher of a nime, so aa to 
be mixed, iu certain proportions, with common air, the 
presence of a Uglited caudle, or lamp, causes il to ex- 
plode, and to destroy, imure, or bum, whatever is eX' 
posed to its violence. Tlie miners are either imme- 
diately killed by the explosion, and thrown, with the 
horaes and machinery, through tlie shaft into the aii^ 
— the mine becoming, as it were, nn enormous piece of 
artillery, from which they are projected— or, ihey are 
gradually sufibcated, and iinderco a mure pdnfiil death, 
from the carbonic acid {choke damp'j and nitrogen re- 
maining in the uiiuo after the explosion of the fire- 
damp ; or what, though it appears the mildest, is per- 
haps the most severe ftte, — they are burned or maimed, 
and often rendered incapable of labour, or of health; 
enjoyment, for life." 



A comparative Btatement hns been made of the num- 
ber of explosions in coal mines, and tlie deaths occa- 
noned by Ihem, diiriiig tlie leu years vrliicii preceded, 
fuid the ten years which succeeded, the mtroductioa of 
the Davy-lamp ; from which it appears tlial 

Fkhd IBOato ]6L61beKweKVEipldI. 9S4DllBltu. 
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This excess is accounted for by the workmen relying 
■o much on the Dam, that, under its protection, they 
now worii in places where they wouki not liave former- 
ly ventured to take a, light. Inattention to the state 
of the lamps doubtless contributes to the lainentaUe 
total. 

. Mr. Brande judiciously observes, that as iheir safety 
" endrely depends upon the perfect slate of the wire- 
gauze, and upon the noD-existeQCe of any aperture or 
channel sufficieutly large to admit of the passage of 
flame, they should, when in use in a coal mine, be in- 
spected daily, to ensure iheir soundness in tliese res- 
pects. In gas-mauufactories, spirit-warehousca, and 
m all cases where infiammable vapoius or gases are 
likely lo be generated, as m the examination of fold 
Bewers and drtuos, it is obvious that these lamps are 
importantly applicable," 

Why dojirtmtn, by the proltction o/MSttPs incombul- 
tihltdolhandvnn'gauxe,TemJiin/ortwoaTthreemi7Hda 
compltldi/ envdopta ia_fiama, wtthoul injury ? 

Because, perilous as their situation tnay appear, tliey 
■re suppli&i in some way with pure air. M. GayLu»- 
BBC observes, that when a furnace is heated so as to 
Same and smoke, the air vriihin is enijrelj[ deprived of 
oxygen; and tben^fbre ic is certain, that if the imme- 
diate action of the flames were guarded off by tlie \riro- 
EauzB, still it would be impossible to susliiiu respiralioa 
m the midst of them. There are several ways of ac- 
counting for the requisite supply of air; and one which 
M. Gay Lussoc suggeeia appears the most probable ; 
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viz. that the men are supplied by a current of 
air from iJie apace between the two garments. Beaidea 
Ma, we ciuinol suppose that their heads ore coO' 
staotly enveloped in the flames, and they, of coime, 
find Tavourable moments for hreatlung ; again, the 
power of suspending the breath is also an esoellent 
resource, which every fireman ought by practice to ac- 
quire. The fireman hoa another difficulty to contend 
with, in the doDse volumes of Bmoke, which prevent Ids 
breathing, bliud bis sight, and consequenUy retard bia 
exertions. To obviate this, it hoa been proposed to 
furnish a. supply of air fi:om a portable reservoir ; or 
by means of a flexible tulx;, rising fi'om the feet to the 
Dioutb, through which tlie tresh air would naturally 
rise, a5 the hcoted air cacspcd above. — PkU. Mag. 1S30. 

Why does amidou, or German tinder, readily ii^me 
fiomfiinl anij sttet, or from Ihe tudden totidemalum of 
airf 

Because it consists of a vegetable substance found 
on old trees, boiled in water to extract its soluble parte, 
llien dried and beat with a mallei, to looaen ita tex- 
ture ; and lastly, impregnated with a solution of nitre. 
— Ure. 

Ifhu u a piete ofpaptr ligUed, by holdirtg U in tlie 
nir ichich rushes out of a comnum lamp-glass^ 

Because of the high temperature of tlie current of 
air above the flame, the condensation of which is hy 
the chimney of the glass. 

Wty does haded plaiiiiuin uiire, if jdaced nnind the 
teick Iff a spirit-lamp, continue to give ligld and heai, 
though withoiU flame ? 

Because of uio vapour of the spirit ; the heat never 
b«icoming sufficiently intense to produce its inflamma- 
tion. This discovery, by Davy, ultimately gave rise 
to the ibmiation of a lamp, which, coniaimng aloohoL 
and prepared at die place of the wick with a piece of 
spongy platinum, or, as Dobereiner calls it, Bub-ojdde 
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of plstiniun, or some other form of that meiA), gnt- 
dually converted the whole of the alcohol into acetic 

The lamp in this form hue been need for a ni^t- 
temp : it giTea light enough to see llic lime by a watch 
held close to it ; and if more light be required, a piece 
of amMoii may he corettilly inflamed at it, and then 
a light procured in the usual way. Mr. Batka propoaea 
to use Eau de Cologne in place of romniua spirit of 
wine, and finds, that then the fragrance diffused ia 
very grateful ; being, in tact, occasioned by the actual 
fbrmation of aromatic vioegar, dining the whole time 
the lamp burns. 



[dGce in them, and ie connected with iheir electrical 
energies ; " for, all bodies which {toworfully act upon 
each other, are in the oppo»ie electrical states of pon- 
tivc and uesative ; and the diseugagement of heat sud 
light, (which characterizes combustion) may depend 
upon the annihilation of those onposile statea iriuch 
happene whenever they combine. — Brande. 

Sir H. Davy has asserted, "that iu any case com- 
bustion iti merely tlie appearauce produced, when sub- 
stances, which have perhaps still stronger attroctioa 
for each other than quick-liine end water, are com- 
bining chemically, so as to becoiiie heated, at least, to 
the degree of incandescence. During the phenome- 
noii, there is not, as was formerly supposed, sometliins 
altogether consumed and destroyed, orsomechingcalf 
6d plogiiton escaping ; the substances concerned are 
Init BBBuming a new fonn and arrangement. 

Of the Buletnnces called comhustible, there ai'e only 
afew which will begin to unite or Imro at the common 
temperature of our globe, llie others rei]uiring to be at 
some higher and peculiar tempei-ature. Thus, pbov- 



IS begins to bum at 150°, sulphur at 550% char- 
it 750°, hydrogen al 800° ; h appeariag', that up to 

e teiBperatures, the attraction of tiie atoms amoDg 

tfaemselvea ia sufficient to reast (he other attraction, or 
that of oxygen. But when the combustion oncu be^na, 
the temperature, from the effect of the combustion it- 
self, rises instantly, much beyond the degree necessary 
tor the commencement of the procesa. Oxygen and 
hydrogen, which begin lo bum or combine at 800", 
produce a flojxie of as intense heat as hmnon art can 
excite,— v*TioK. 

ffhy are other bodies, as a alone, or brick, tamtd itt- 
cotAvatibUf 

Because, when heated, tliey undergo no change ex- 
cept an augmentation of lem[>i!r8ture, ond when left 
to themselvea, they soon cool again, and become as at 
first. But, with combustible bodies, the case ia veiy 
digereiit. When heated to a certain degree in the 
open air, they suddenly become much hotter of them- 
selves, and continue for a conaiderable time iutensely 
hot, sending out a copious stream of coloric end light 
■0 the surrounding bodies. This emission, after a cef' 
lain period, l>egins to diminish, ond at last ceases al- 
together. The combustible body has now undergone 
complete change, — it is converted into a subs^ce 
^eertng very different properties, and no longer ca- 

leof combustion.— TArniMon. 
^.igeia, of substances burning in air, those which 
p origlnaLy aeriform, as coal gas, or wtuch, on being 
iaied are vapourised or rendered aeriform, before 
their union with the oxygen of the atmosphere takes 
place, as oil or wax, assume the appearance of flame; 
liz. the aeriform particles usually invisible, are rail- 
ed to the incandescent temperature ; but when the 
substance combining with the oxygen remains aoUd, 
while its particles are gradually lifted away by tba 
oxygen acting only at the surface of their mass, it ap- 

K during the whole timo only as a red-hot Monoi ' 

J 



The latier in the case of charcoal, cuke, Welcli Btone, 
coal, &c. wliile in the cusc of nocKJ, common coal, &c 
a greater or less portion of ihe inflammable matter, i^ 
by the heat of the cutnhuetioi], converted into Tapour, 
and prod iicea- the beautiftil appearance of flame- 
Men, now grown familiar with prodigies, bnvB «1- 



cbeitdetry, ui in progress of discovery, every now and 
then calls fortli the hidden spirit of combustion in 
some new or less familial' guise ; — for instance, when 
a piece of iron wire, hghted aa a taper in oxygen 
gas, bums with such resplendent brilliancy; or, when 
pbosphoruB, similarly placed, throws around its over- 
powcrine fiood of flame ; or, when nnall portioDS of 
the melm called potassium, being cast upon the Bur- 
&ce of water, become as beads of most intense light, 
runuing about tltere, and crosaing as in a merry dance ; 
— or, ustly, when flumes produced from particutikr 
subatances are seen Hnng deep-tinged with most vivid 
and beautiful colours,^ — ^motl. 

Whif dots a commanjire maoke ? 

Because of the vapour of the water from the mtw- 
tnre of the fuel ; and the carburetted hydrogen and 
bituminous Hubstances, ibnned during combustion by 
the union of the bydrogi^n of the combustible wils 
the osygen of the atmosphere. 

tVht/ datt a draught stippoH ajire ? 

Because it flows towards the fire-place, to occupy 
the vacancy lefl by tlie air that has undergone decom- 
poation,Bnd which, in its turn, becomes decomposed 
oUo. Hence, a suj)ply of caloric Ja furnished without 
intermission, till ilie whole of the combustible is satU' 
rated with oxygen.— ParftM. 

ffhy do not coals, wood, Ifc. being eombustibUi, (oifce 
fire on txposare to the air ? 

Because all such bodies require lo have a certain 
preparatory temperature before beginning to combino 
with ilie oxygen of the atmosphere. 
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Whyiaheatjnvducedbyctnnhtuiionf 

Because oi the decomposition of the oi^gen gas 
of the atmosphere ; for, as the oxygen combines with 
the combustible body, it disengages the caloric which 
18 held when in the state of a gaseous substance. Or, 
to speak with more precision, the act of combustion 
effects a real analysis of atmospheric air ; for while 
the oxyffen combines with the combustible, the caloric, 
in the rorm of sensible heat, is thrown off in every 
direction. — Parkes. 

Why do lamps unth many wicks, placed near each 
olfter, give much more light than (he same number of 
wicks toovldy ifphzced in separate lamps ? 

Because die ught given out by a combustible body 
is in proportion to the elevation of temperature ; and 
in this case the many wicks communicate heat to each 
other. 

Why is oxygen apowerftd supporter of combustion^ 
Because it is more abundantly diffused throughout 
nature than any of the other elementary bodies ; it 
forms ei^ht-ninths of the weight of water, about one- 
fifth of me weight of the atmosphere, and a relative 
proportion of me earthy and mineral bodies which 
K>rm the solid matter of the globe. Hence, it is pre- 
sent everywhere, and ready to unite itself with any 
matter exposed to it at the necessary temperature. 

Why is oxjfgen gas called vital air 9 

Because it is a powerful supporter of respiration. 
Urns, a small animal confined in oxygen gas, lives 
thrice as long as when confined in the same bulk of 
common air; but we are not thence to conclude that 
it is fit for the support of life ; on the contrary, an ani- 
mal made to breathe oxygen for any length of time, 
fidis a sacrifice to excess of arterial action ; and after 
death, the blood in the veins is found as florid as that 
in the arteries. — Brcmde, 

o2 
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Why u it coniida-ed that oxygen vnites vntk the eom- 
battii/le body in the act o/hunaiig? 

Because, if a substance be liuiTit in a siifBcienl 

Suaniiiy of oxvgen gas, in a clo^ vessel, and ihe pro- 
uct preserved, the nliole will be found to be increaa- 
ed in wetgliE exactly in proportion to the oxygen gn 
consumed, and the comliiislible body will then have 
become incombuatil^B. — Parkea. 

Fonrcroy oiwerves, " thisview of combustion autho- 
rises us 10 divide almosl all Ihe productions of nature 
into two grand classes; one of combuatible bodie^ 
the other of bodies aheady b\init ; iu the masses and 
aclJOD of the former we discern the cauBes of Inflam- 
mable meteors, the perpetual olteraiion of the sur&ce 
of the earth, volcanoes, &c. In llie existence of the 
latter weperceii-e the source of the number and divcr- 
wiy of acids, soiine compounds, oxides, and metalUc 
aafiB, which vary in a thousand ways the appearance 
of ores, Sec," 

Whif is not a gobld, when ptuhed ittto water %eith iht 
mmdh dawracardt, fUed vnth water ? 

Because the air in the goblet re«Bts the entrance 
of the water ; and, if the goblet be inverted over a 
floating liehted taper, this will continue to float under 
it, and tu bum in the contained air, however deep in 
the water it be carried, exhibiting the curious phe- 
nomenon of a light below water, and ilaelf an emblem 
of the living inmate of a diving bell, which is merely 
a larger gohlet, with a man instead of a caudle. — 
Anotl. 

ffhy is the name Jiiel given orHy to the mdntaneet 
leliith ccmbine with oxygen, and not to the oxygen it- 
aeifl 

Because, probably, the former being solid or liquid, 
and therefore more obvious to sense, were linown as 
producers of combustion long before the existence of 
the aeriform ingredient was even suspected. — ,Aitoti. 
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ffhy does a ccmdle or lamp xmolrt ? 

Beraiase (he lieat produced by it is not Bufficientla 
sffecl the total combustion of tlie carbon, which r — 
n its flamo. — JlmoU. 



Because of a new an'angement of Ibd muscles, leivj I 
dons, viscera, &c, ; or new products originating froiq'l 
their [legeneration. 

Numerous iiist&nces of thia mortal catastrophe 
recorded. M. Julia de Fonteuello, in a paper lately J 
read to the Academy of Sciences at Paris, describ^ ■ 
fifteen cose^ from the details of which the following I 




1. Generally tliose who have died by Bpontaneoua 
combustion, have indulged in excess of spirituous 
liquors. % The combustion is almoM always general, 
but in some caBca it may be partial, 3, It is rare 
amongst men ; and the women hove in almost every 
case been a^ed. 4. The body and the viscera have 
always been burnt, whilst the feet, hands, and crown 
of the iiead have almost always been saved. 5. Al- 
though it is known by experience that a very lor^ 
quantity of wood is requisite to bum a corpse,~this 
particulai- kind of incineration occurs without inflam- ' 
ing the most combustible substances of an ordinary 
kind near it. 6. It has not been shown, in any case, 
that the presence of fire is necessary to commence 
this kind of combustion. 7. Water, instead of asiiii- 
guialiing the flame, appears to give it more activity; 
and when the flame has disappeared, the combustion 
proceeds within. 8. They occiu' moifl frequently in 
winter than in summer. 9. The cure of general com- 
bustions has never been effected ; but sometimes that 
of partial ones, 10. Those seized with combustion 

Ec« B sonsation of strong internal heat 11. It ^^_ 
■ A 



ia suddenly developed, fuid ronsumog the body in a 
few hours. 12. Tlii)3e imrts not rt-milied by the fire, 
are alTecied by gangrene, 13. ApuuiilUogeneraliuB 
ensues, whicli rniisea gaugrene. 14. The residue of 
this numbustinn is composed of greiisy cindera, and as 
uuctuous malter. 

Professor Jameson obeerveia, in suheiance, upon ihia 
inlerestiiig question : " we are of opinion that, in scHne 
Bubjecie, and chiefly in women, there exiets a general 
eondillon of the body, which, conjoined with the ex- 
treme debility occasioned by age, a life of little acti- 
vity, and the abuse of Bpiriluous liquors, may eivo rise 
to a spoiitaacous combustion. But we are tnr fiiiin 
consiclering es die material cause of this combustion, 
either alcohol, or hydrogen, or a euperabimdatice of 
faL If alcohol pla ja a prominent part in this com- 
bustion, it is by contributing to its production: that 
ia to say, il produces, along with the other causes mea- 
tioned, the de^meratlon of which we have spokeOf 
which gives rise to new products of a highly com- 
btiatible nature, the reaction of which doteiniines the 
corohustion of the body." 

A curious case of the combustion of both hands only, 
in wliich the patient recovered, is related in the Medi- 
cal Journal, 1830. 



Why do vanoiu \Boodt afford different quardUUt of 
d>arcoalf 

Because of tlioir different durability; tliose most 
abundaut in charcoal and eartliy maltor are the moat 
permanent ; white those that conialn the largest por- 
tion of the gaseous elements are tlie moat perishable. 
Among British tref^ tlio chestnut and oak are the 
inoBl perinanent, and tlie chestnut affords rather more 
charcoal than the oak. 

The Ixiains of ihe theatre at Herculaneum were 
oonvartad into charcos] by the lava whicb ovsrflowed 
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^^.il dty ; and during the lapse of seventeen hundred 
''rears tbe chnr<!<ial has remajued m entire as if it had 
been formed but yestenlay ; and it wilt probably oon- 
dniie so to the end of the woriU. The incorrupubiliqf 
of charcoal was known in the most ancient times : the 
famous temple at Epheaus was built upon wooden 
piles, which have been charrctl on the oiitBide,M pre- 
serve them. — Ifaison's Chemical Ussays. 

A hew process fur manufocluring charcoal, is to fill 
all the interstices in ihe heap of wood to be charred, 
with powdered chnrcoul ; the product is oqualin qual- 
ily. The effect is produced by preventing much of 
(he access of air whjoh occurs in the ordinary method. 
The volume of charcoal is increased a tenth, and its 
weight a tenth. — BuUitin Universd, 1830. 

Professor Silliman, in his Journal, (1830) says, that 
in the United Sialics, wood ia charred iu brick-kihi^ 
with openings at the top and sides, under regulation; 
and the charcoal thus obtained is exceedingly good, 
and more abundant than by the old mode of burning. 

Wood has also been charred at low temperatures. 
Thus, ou making extracts, in wooden vessels, with 
steam of very moderate pressing, all the apparent 
effects of burning ma^ be produced ; but the carboni- 
zalioa of the wood is not so complete sa by flame. 
This fiLcI is practicidly illustrated in the Phiioaophietd 
Miutadne, 183a 

The application of charcoal to various purposes of 
domestic economy has been oh^ady noticed in Part 1 
—"the present work.* 

Whg dots heaUd charcoal product eombuttion f 

Because the mutual cohesion of its particlefi is bo 

' ined, diat is, the particles ore so repelled and 

ited from each other, iha! tlieir attraedon for the 

arouud is allowed to operate, and 
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they comlnae with ihot osygtn, eo a 
above phenomenoD. 

H'hy doa charcoal ittereate in teaghi on txposure to 
the air qfttr burning i 

jiecHUHB it Is a very hygromi^Iric HubsCasce, and 
therefore absorbs air and moisture in considerable 
quantilj. — Brandt. 

Ifla/ do sailors at Sea IkrotB pieces of huml biaeuS m 
bad tvater? 

Because it serves as chnrpool in destroying the 
putrid flavour of the water, and rendering it compa- 
ratively fresh. 

lfT\g doetjrah charred taood, or charcoal, improve 
tht Savour of apinls'} ■■■ 

BecBUBe It destroys the essential oil, or erapyreu- 
niatic flavour which the spirit may have contracted in 
difitJUation. 



Wh/ do mixed nitre, sidphur, and charcoal, or gvn- 
poiBder, explode tvilk heat; whereas, trhlU cold, Ihei/ 
may be mtxei together most inHniateh/ tniihovi ani/ 
thmgef 

Because, by l)io change of temperature, and the 
consequently altered relative attractiona of the differ- 
ent substances, a new chemical arrangement of them 
takes place with the intense combustion and expansJOQ 
which conatituls the explosion. 

The proportions of the ingredients of gunpoi._ 

vary. The following arc those tiaually employed— 

CommDn ghoHlng Sh«iUn§ 
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Charcoal 1Q.5 IQ 15 

Bulsbiiv 13.5 10 1 

The latter contains the smallest quantity of saltpetre, 
Bs il requires less quickness or strength. The mgre* 
dients are per/ecUj/ mixed, moieiened, beaten into a 




cake, whicii ia oftenvHrda broken up, granulated, 
diicti, anil for the finest powder, polialicd by onrilion. 
— BroTuie, 

Why is iroit axlvdcd from powder workt^ 

Because it is liable to cauae eparka by n blow. Brass 
and copper have been reconunenddd in its place ; but 
Col. Aubert hoa remarked Ibat brass can inflame pow- 
der, and baa made esperlmenta on the eiiliject before 
a committee,' the reault of wJiicb is 08 follows: — In- 
flammatiou of the powder takes plane when the blow 
is gWen by iron againat irtm. ; iron against braaa ; brass 
against broaa : iron agaiiiat raariilu ; lead oganist lead, 
or agajnat wood, when the blow is produced by a 
leaden bait shot from a fire-arm. Aa yet, powder has 
not been inflamed by tlie blow of an iron hanuaer 
against lead or wood. — Biilldirt {/ntrcraef. 

Why is tleam likely to supersede gunpotfder in the 
dischxa-gc qfartiiltry ? 

Becauae tlie elastic force of high-presaure sceani 
baring much greater range tiian tbat of gunpowder 



IS infuiitely better calculated ibr projectiles, iudei 



!dhy 



tlenlly of any saring of expense. It ii 

Mr, Perkins, that the projectile force of aieam is tcsi 

times greater than, that of gunjKiwder, in throwing a 



HTty do "Promclheans" ivddady iij^me on pra- 
turt? 

Because they conaist of amall glass bulbs, filled with 
concentrated sulphuric acid, hermetically sealed, and 
surrounded with a mixture of inflammable materials, 
amongst which the chlorate of potash forma one ; and 
the whole being again inclosed or surroimded with 
paper, also rendered still more infloumiable by meaikS 



the buIlT breaks, and the sulphuric acid instantly Idn- 
dles Ibe anrrounding materials. 



fFhi/ art volamots produced^ 

Because, accorling lo the meet recemlj' (d«ervGd 
phenomena, they "depend upon the oxjdacion of the 
meUilB of the eanhs upon an extensive scale, in im- 
meuee eubterranean cavities, to which water or atmos- 
pheric air may occaeionally liave access. The sub- 
terranean thunder heard at great distances undn: 
VeBUvluSj prior to an eruption, indicates the vaat 
exteut ol these caritiea ; and the existence of a sub- 
terrauenu uonniiunicntion between the Solfatarra and 
VeauviuH, ia ealahliahed by the fact that whenever ibe 
latter is in tui active stale, the former is comparatirBly 
tranquiL In confirmation of these views, the author 
remarlta, that almost all llie volcanoes of conMderaUe 
magniludG in die old world, are in the vicmity of Ae 
sea ; and ia those where the sea is more distant, aSin 
the volcanoes of South America, tho water may be 
supplied from great subterranean lakes ; forHumboldl 
states that some of them throw up qusntitteB of fldi." 

The phenomena observed by the autlior afford a 
■ufGcient refutation of all the ancient hypothe«e^ in 
which volcanic firea were ascribed to such chenocal 
cauKs OS the combustion of mineral coal, or the ac- 
tion of aniphur upon iron ; and are perfectly eoosistent 
The author acknowledges, however, that the hypoUw- 
Bia of the nucleus of the globe being composed of 
matter liquified by heat, offers a Etill more simple 
Bolulion of the phenomena of volcanic fires. — Sir H. 
Do/oy, PkUoaophical Trrmiiaetuma. 

On these phenomena. Baron Iliiraboldc says, " Ob- 
servations mode in all coimtries, in mines and care^ 
prove that, even at a small depth, the earth's heat n 
much superior to the temperature of the surrounding 
nosphere. A fact so remarkable, and elicited from 
"'9 made in almost every part of the globe. 
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connects itself with what we learn of the phenomena 
of volcanoes. La Place has even attempted to deter- 
mine the depth at which the earth may be considered 
as a melted mass. Whatever doubts may be enter* 
tained, notwithstanding the respect due to so great a 
name, as to the numerical accuracy of such a calcu- 
lation, it IB not the less probable, that all volcanic phe- 
nomena arise from a single cause, which is the com- 
munication constant or interrupted, that exists between 
the interior of our planet and me external atmosphere. 
Elastic vapours, by their pressure, raise through deep 
crevices the substances which are in a state of fusion, 
and which are oxidized. Volcanoes are, so to speak, 
entermittent sprines of earthy matters. The fluid mix- 
tures of metals, i&alies and earths, which condense 
into currents of lava, flow gently and slowly, when, on 
being raised up, they once nnd an issue. 

Why does water apptcar necessary to prodwe volcanic 

Because the most active volcanoes are in the imme- 
diate vicinity of the sea; some are actually beneath 
the sea ; and only extinct volcanoes are foimd far in- 
land. 

Why are earthquakes and volcanoes supposed to be of 
ihe same origin f 

Because of the firequency of earthquakes in volcanic 
countries ; and when they occur in non- volcanic coun- 
tries^ remote from volcanic fires, or their occurrence, 
the coincidence of distant volcanic "^eruptions. It is 
a remarkable circumstance, also, that the shocks of 
eardiquakes are most severe in non-volcanic countries, 
such as Iiisbon*and the Caraccas. — ^otes in Science. 

Why do hot springs occur in (he very vicinity of aU 
active vd^icanoes 7 

Because, probably, such waters owe their tempera- 
ture to their passa^ through channels heated by vol- 
canic fire. — Berxdxus. 
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Why do vekanoes (krow out pumice stone7 

Because the light-coloured, or whitish porous lanui, 
becoming fibrous, pass into the above hght spongy 
stone* 

Whf is'^purmce stone aometimes seen JhaHng on the 
seaf 

Because it is produced by submarine volcanoes, that 
break out at such vast depths under the ocean, that 
none of their |m>ductB reach the surface, except such 
as are lighter than water. Pumice has been seen 
floating upon the sea over a space of three 'hundred 
miles, at a great distance firom any volcano. 

fFhy is puxzolano used for building in uHiter^ 
Because, when mixed with lime, it speedily fixes 
itself, and the water does not soften it, for it becomes 
continuaUy harder and harder. The lime found abun- 
dantly at porkmff, m Surrey, has a amilar property 
of hardenmg under water. 
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THE DIAMOND. 

Why is carbon knotcn by the names of diamond and 
charcoal f 

Because the two latter substances, although so dif- 
ferent, and ahnost opposite, in physical characters, are, 
according to unexceptionable experiments, almost che- 
mically me same. 

That diamond is simple carbon, is shown by the 
following experiment M. Morveau exposed a dia- 
mond to intense heat, shut up in a small cavity in a 
piece of tough iron. When ne opened the cavity, he 
found the diamond entirely gone, and the iron around 
it converted into steel. This shows that it is pure car- 
bon, which combines with iron to form steel, and not 
charcoal, which is generally an oxide of carbon. The 
peculiar hardness of steel is to be ascribed to its union 
with a portion of pure carbon, or diamond. It is no 
uncommon thing for jewellers to expose such diamonds 
as are foul, to a strong heat, imbedded in charcoal, to 
render them clear ; but, in this process, great care is 
taken to have a sufficient quantity of charcoal, to ex- 
clude the atmospheric air : otherwise, the intense heat 
would produce combustion. — Parkes, 

b2 



p 



fFhy ii charcoal more of/lananable than tkt dianumdf 
BerauBO of the looseness of its texture, and the 
hydrogen it contains. The Intler is indeed the only 
chemical di^ronce pereemible between diumond and 
tlie purest cliarcoal : but Dr. lire aska, " can a qvian- 
tity of an element, (hydrogen) leas, in some casus, than 
l-50,000th ptnt of the wsi^t of the substance, occft- 
aion BO great a difference in physical and cliemica] 
ctioracters p " In the PkUoaopkical Transaction* &r 
1797, is related Mr. Sniithaon Tenunnt's process for 
proving the identity of Iliese two subetancee: he say& 
"It will appear, from experiments, that the diamond 
consists entirely of charcoal, differing from the usual 
stale of that nubstaoce only 1^ its ciyBtollized form," — 
and Dr. Ure thinks this opinion to be correct. 

The ■dentin' of charcoal and diamond is tiirther il- 
lustrated in the following experiment. Sir Humphry 
Davy exposed charcoal to intense ignitioo, i' 



n condensed a; 



f Mr. ChUdren'8 



The remaining wns always 
much harder than before, and in one cose, so hard as 
to scratch gloss, while its lustre was increased. This 
fine experiment may be regarded as a near approach 
to the pmdiKtion of diamond ; and we beUeve that sim- 
ilar experiments of French chemists have been equally 
succeEsfiil. 

Why did JVaalon ir^er Ihol tht diamond vma inffam- 
mabkr 

Because of the circumstance, that inflammable sub- 
stances re&act light in a greater ratio than that of their 
densities. We readily acquiesce la Mr. Parkes'snote; 
"It is wonderful that NewTon, who had no chemical 
means of examining tlie diamond, should have con- 
ceived the idea of its inflammable nature." 

_ It is not evident to whom the combustibility of the 
diamond first occurred; but, in the year 1694, tfas 
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Floreotine Academic! hub proved its deatructibility by 
heal, by meoiiB of a. bumiiig leos. Tbe products of its 
conibustiou were first examined by Lavoisier, in 1772, 
and Buheequently, wilh more precision, by Guylon 
Morveau, in 17B5. Mr. Tennant's experiments, iuat 
referred to, demonstrated the important fact, ihol wnpn 
equalvreightsof diamond and pure eharcoal were sub- 
mhted toflie action of rud-hoinilre, the reaiilts, in both 
cases, were the same ; and, in 1807, the combustion of 
ths diomond in pure cixygeu, was found by Messrs. 
Allen and Pepys, to be attended witb precisely the 
some results astbc combustion of pure charcoal. Hence, 
observes Bnmde, the inevitable inference, that charcoal 
and the diamond are similar substances in theb- cfae- 



veniently and perfectly effected, by placing it upon a 
platinum capsule, in a ^ar of pure oxygeu, inverted 
over mercury, and tlirowiM; upon it the locus of a burn- 
ing lens. Su: Hiunphry Dai^, when at Florence, in 
1814, (PhU. Trans.) used for this purpose tlio same 
lens which was employed in the first trials on the action 
of eolar heat on the diamond, instituted by Cosmo III, 
Grand Duke of Tuscany : he foimd, that wheu strongly 
ignited by the lens in a thin capsule of platinum, per- 
forated with many orifices, so as to admit a free circu- 
lation of air, the diamond continued to bum in the 
oxygen, after being withdrawn from the focus, with so 
bnlUant a light as to be visible in the brightest sun- 
shine, and with very intense heat. The resulta of the80_ 
XriinentB demonstrate, that diamond affords i 
r substance by its combustion than ])iire carbon . 
acid gas ; and that the process is merely a solution of! J 
diamond in oxygen, witnout any change in the volum^ 
of ihe gas. It iBcewise appears, that, ui tlie combug 
lion of the different kinds of charcoal, water is pro 
duced ; and that, &om the diminution of the Toliim^fl 
of the ojygen, there is every reason to be!ieve,thBt the J 



water la fctmed by tho romliiistion of the hydrogen 
ousting in BtraDjjly igniled clinrcoa]. 

Wl^ is pure carbon, or diamond, so tearce, wlaU its 
eomptnmds, in different stales, are so abundanUi/ £»• 

Bocause, {obBcrves an eminent chemist") " the won- 
der conaisla only in the bppoHition between facts aod 
our opinions ; it disappearHui proportion as we diacoyer 
and apprapriale the powers of nature to produce the 
BBmeoffects. To dispel the aslonialiment of those wbo 
might consider this a groimd of distrust, I ehoU remiod 
diem that aluminous eaitb is tiliewisu one of the com- 
inon<«t Eubstances, though the adamantine spar, uo 
less rare than tho diamond, is neverUiclesa alumioa; 
tliai iron exists every where, under every fbnn, except 
in the state of purity ; and that the existence of natiTe 
iron is still dottbtfiil." Since the precciling observationa 
were written, native iron is stated to fiavo been found 
in Canaan, in tho United States of America. 

Diajuonds are usually found in an ochreous, yellow 
earth, underrocks of grit-stone; they are Lkewiseibund 
detgched, in torrents, which have carried them from 
their beds. Thej have no brilUancy when dug out of 
the earth, but are covered witli an earthy crust The 
diamond was first discovered in Asia, in tlie provinces 
of Goleonda and Vist^ur, in Bengal, and in the island 
of Borneo. About the year 1730, diamonds were first 
found in Brazil; and a minute account of their dis- 
covery will be found in a volume of travels in that 
country, by the late Mr. Mawe, one of the moat distin- 
guished mineralogtala of his lime. 

The primitive form of the diamond ia the regulai 
octoedron, each triangular facetof which is sometmieB 
replaeedbysiisecondaiT triangles, Iwunded by curved 
lines ; so uiat the crystal l>e comes spheroidal, and pre- 
sents fbrty-cieht fncets. Diamonds ivith twelve and 
■twenty-four meets, are " " 
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Why VHU U supposed that ihe diamond might contain 
cxwpenf 

ISec&uae of its high yefractive power. Such was 
the idea of MM. Biot and Arrago. According to 
jBiot, if the elements of which a suli^tance is composed, 
be ^own, their proportions may be calculated with 
the greatest accuracy, from their refractive powers. 
Thus, he finds that the diamond cannot be pure car- 
tx>ii, but requires, at least, one-fourth of hydrogen, 
*which has the greatest refractive power of any sub- 
trtance, to make its refraction commensurate to its den- 
flity. Sir Humphry Davy, from the action of potassium 
on it, and its non-conduction of electricity, suggested, 
in his third Bakerian lecture, that a minute portion of 
ozy^n miffht exist in it ; and he threw out the idea, 
that it might be the carbonaceous principle, combined 
with some new, light, and subtle element, of the oxy- 
genous and chlorine class. — Ure. 

"* Why has the diamond so ^eat lustre 7 

Because it reflects all the light falling on its poste- 
rior sur&ce at an angle of incidence greater than 
34° 13'. Artificial gems reflect half of this light. 

The base of all artificial stones is a paste composed 
of silex, potash, borax, oxide of lead, and sometimes 
arsenic. The best silex is obtained from rock crystal, 
and the next best from white sand, or flint. 

Why are diamonds used for the lenses of microscopes 7 
Because they show us the real object, without any 
sensible aberration, like that produced by glass lenses. 
This arises fix>m the enormous refractive power pos- 
sessed by the diamond, and the consequent increase of 
amplification, with very shallow curves. Again, the 
refinaction of diamond is nearly three times that of 

glass ; hence, in equal refractions, its dispersion will 
e only one-third of the latter. 
We have elsewhere* noticed the cutting properties 

* See Past X. JhU and MaMffaetnureSj p. 02. 



of the diamond. Dr. Wollostou, in the Philosophical 
Tnmtaetiom, has clenriy ahonn ihal it is only in the 
natutal stalK tliat diamond con he depeniled upon to 
cut or divide panes of kIobs ; and even then, a partic- 
ular crystallization is nbsohitely nei^egsary. Tlie dia- 
mond boa also been emjilc^eil iu ornonientiug' BteeL 
ThuH, Mr. John Barton, of the Royal Mini, lias pro- 
duced die most beautifiil display of priainatic colours, 
by divisions, 2000 in an inch, the liues lieing made 
with a natural diamond. It would he inipossihle to 
convey tlte smallest idea of the exijuisite he^uty and 
play of colours that are produced hy these means. 

Why is tte lapphire used for tht ieiuM of micro- 
Kopes^ 

Because, ailcr the diamond, it possesses a stronger 
re&action thau any otlier substance, capable of giving 
a Binele image, while iK dispersive power is very low. 
The&iut blue tinge of the sapphire is not felt iu thin 
small lenses fonni^ of this substance, which thus comes 
neict in order to diamond ones, and forms an excellent 
substitute for the use of lliose persons unable to eSbrd 
the Bxpense of the latter. 

Why is the value of a brilliant-eui diatiicnd esUeaud 
tqiuA to ihal of a simitar rotigh diatnomi of twice the 
uKJi'U, txcltaive of (hf, cost of tBorkiarmskip ? 

Secaueo, by cutting and polishing, but especially 

Sthe former, so mucli is taken away, thai the weight 
the polished pfim doea not exceed half that of Die 
rough stone. The art of cutting and polishing dia- 
monds, though probably of remote antiquity in Ama. 
was first introduced into Europe hy Louis Berghen, of 
Bruges, who accidentally discovered, that, hy rubbing 
two diamonds together, a new fecet was produced. 

The weight, and therefore, the value, of diamonds, 
is estimated in rarais, 150 of which are about equal to 
1 oz. troy, or 480 grs. They are divided into liolve^ 
quartera, or carat gi-aiiis, eighth, sixteenth, «• ' lirty 




POPULAR CHEHIRTHT. 



if value between one 
, 1, generally epeaking, «a the 
s of tlieir respective weighta : ilius, the value of 
wree diamonils, of one, two, Bud three carata' weight, 
respectively, is as one, four, and nine. The Bferage 
price of rough diamonda is estimated at 21. per carat : 
and consequently, when wrought, the coHt of the fi 
carat, exclusive of workmanship, will be 8L, which it 
the value of a rough diamond of two carats. 

A wiDUEhldianKiiid of 3 cuals ii worUi 



This mode of valuation, however, only applies 
small diamonds, in consequence of the difficulty o 
finding purchasers lor the larger o, 

WAy art diamonds ca"' 

Because a hard and s> 
same gem; the hard stone being called by diamoirf 
cuttei-B a he, and the ettft cue, a sht. 

my ii a diamond said to be of thefril waUr^ 

Because it is perfectly transparent and pure. The 
eaow-white diamond is most highly prized riy the jew- 
eller. Diamonds have, however, been found nearly of 
nil colours : next to the colourless, in esteem, are thoae 
of a dcciiled red, blue, or green lint. Black diamoods 
are extremely rare ; those which are slightly brown, or 
tinged only with other colours, are least valuable. 

The largest known diamond is probably that men- 
'iiined by Tavemier, in tlie -;■ -i-- r-- - 

Miigul. Its size is about that 
'lit in tiie rose form, and when n ^ , 
w^ghed 900 carats. It was found in Gojconda, about 



1 tiie (lossession of the Great 
t thai of half a hen's egg ; ia 
1 when rough, is said to nave 



^vrdghed 900 carats. It was found in Gojconda, about ^1 



the Tear IGSO. Among the crown jewels of Rus^ftis 
ant^^ificentiliHinond, wcighmc lltScaratt. It is the 
size of a small pieeou'e egg, and was Ibmicrlf the eye 
of a Brahminickl idol, whence it was purloined by s 
French soldier ; it passed through several hands, and 
was ultimate!; purchased by the Empress Catharine, 
for the sum of £90,000 in ready money, and an amiU' 
it^ of £4000. Pt:rhapa the most perfect and beautifiil 
diamond hitherto found, iaabrilliaut brought from In- 
dia by BD English gentleman, named Pitt, who sold it 
to the Regent Duke of Orleans, by whom it was placed 
among tlie cirown jewels of France. It weighs rather 
more tlian 136 carats, and ivas purchased for £100,000. 
— Brands. 

Diamonds, equal to those of Brazil, have also been 
recently found in the Ural chain of n 
Russia. 



IFky is carhoa ao importaat in the vegelalde kingdom t 
Because it is not only a component part, but It forms 
nearly the whole of the solid basis of all vegetables ; 
and their infinite verieties may be attributed to the 
different modifications of carbon, as well as of the other 
principles which eDter ioto tlicir constitution. 

^Aj( ore JO many prodacla qfvegelalion iiidebUd to 
earhonfor their produce ? 

Because carlion not only constitutes the base of the 
troody fibre, but is a component part of sugar, and of 
all kinds of wax, oils, gums, aad resins ; and of theae 
agiun how infinite is the variety. — Parkea. 

Why it carbon also iiaportant in the animid Idnf^thm 9 

Because it enters into the composition of auimal 

milk, and of animal oils and fat ; it is also found in 

albumen, gelatine, fihriaa, and in many of the animal 



Why it earbonie acid gas so coiled ? 

Because it conasts of carbon, which has bo great an 



affini^ to OJfygen, that when ossLHtecl by heot, it will 
take It &onl both eubstancce with which it in^ be 
combined ; and in certain pToportions, thty form car- 
bonic ai^id ^as. The composition of carbonic ocidhoa 
been jirored by aniilyHia, oa it has lH!on actually decom- 
posed, and the charcoal or carbon eithibited entire. 

Why toaa carbonic acid olso calltdfix^d air? 

Because it was so intimately combined in chalk, 
lime-Btouc, ma^esia, &c. It ia to Dr. Black we owe 
the discovery of carbonic acid gas. Mr. Kt-h- waa the 
firM who suspected it to be an arad ; and Dr. Priestley 
afterwards announced iliat a portion of it was always 
found in atmospheric air. 

Again, it is probably deconiposed by the organs of 
plants, its base liimisliing part, at least, of the carbon 
that ia BO abundant in tlie vegetable kingdom, and its 
oxygen contributing to replenish the atmosphere with 
■hot necessary support of life, which is continually 
dinunished t^ the respiration of animals, and other 

Sauesurc found carbonic acid in air Srom the sum- 
mit of Mont Blanc ; and Humboldt discovered it in 
air brought fh>m a height of many thousand feet, to 
which he had ascended in a balloon. Its production 
in the lungs is easily shown, by blovring the expired 
air through lime-water, by means of a small tube ; it 
becomes milky, and soon dejiOBits carbonate of lime. 

Dm-ingthe pest year, likewise, Sauasure has com- 
municated to the Physical and Natural History So- 
ciety of Geneva, some interesting expferimonts, to 
determine the voriationa of carlwuie acid in the atmos- 
phere. He found, that, near Geneva, 16 metres above 
the level of the lake, 10,000 volumes of air contained 
4.15 of carbonic acid, as the mean of 1.04 experiments, 
made day and night, and at all seaaons of the year; 
the air being token four feet above the ground. An 
incj-eaBed quantity of rain appeared to auniuiBh that 
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of the carbonic acid, either by djasotving it, or causing 
^eaoil to do so. It was found, thai during the night. 
the miBntiiy of curbonic acid was greater thou that of 
the ti^y, in the proportiou of 4^ to 3^ ; but if the 
nind were BtroDgjthcD BCorcely any dificrence occurred- 
The greater ijuantity of carboDic acid occurring in die 
night, ia attributed to the want of decomposition, whicll 
arises from vegetation during the day ; a reault which 
&T0UI8 the explanation of llie al)ove question. A aboR 
from, wliich doee not penetrate the earth to more than 
an inch, does not appear to cause any vnriatiou in ths 
quantity of carbonic acid; but when the &ost continues 
long, the dryness Which it occasions, increases the pro- 

Krtion. It was also found, that the quantity of cbi^ 
nic acid is greater during the day in a city than in 
the cotmtry, that the variations occasioned by the aeo- 
Bons are analogous, and that the quantity of carbonic 
acid increases more by the influence of night in the 
country than in the town. The air of the plains con- 
tains more carbonic acid than that of the mountains ; 
which diflerence is explained by considering that the 
decomposition of the acid occurs principally where 
vegetation is most abundant, aa it is in the plains, and 
that the gas is absorbed by the earth there, becouss it 
containa more rain-water. — Abridged fmm Jjo BiMio- 
ihdqut UniecrsetU. 

Whtf is a UueJiaTM so ojien seat upon the surfaee of 
a tlmrcoat^fire ? 

Because the combustion of tlie carbonic oxide is 



coal, becomes converted into carbonic oside. Henoa 
arises the danger of burning charcoal in ill ventilated 
chambers. 

Why is carbonic add frequently found at the bottom qf 
mims, .mU», %-c.? 

Because it is much heavier than atmosplteiic air. 
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Woikmen ought never to venture into such places 
without previously letting down a lighted candle. If 
die candle bums, they may enter safely ; if not, quick- 
lime should be let down in buckets, and gradually 
sprinkled with water. As the lime slacks, it will al>- 
sorb the carbonic acid gas, and the workmen may af^ 
terwards descend in sarety. — Parkes. 

In these cases, the carbonic acid issues from crevices 
in the earth, and is produced by unknown sources.- 
Similar accidents happen to persons incautiously de- 
scending into brewers' vats, before they have been pu- 
rified firom this gas. We were told of three or four 
such cases at the brewhouse of Messrs. Barclay and 
Perkins, as we were walking over their stupendous 
store- vats a few years since. 

The noxious properties of carbonic acid, or choke- 
damp, in mines, nave already been noticed in connexion 
with the Sctftty Lamp, (See p. 54, et seq.) 

Why do persons experience difficulty of breathing, 
giddiness^ and fawiness, in crowded ana Uluminaied 
rooms, which are iU-ventUaied^ 

Because of the excess of carbonic acid which is al- 
ways produced by the respiration of animals. In like 
manner, some manufactories are very unhetdthy ; as 
all common combustibles, such as coal, wood, oil, wax, 
tallow, &c. contain carbon as one of their component 
parts ; so the combustion of these bodies is always at- 
tended by the production of carbonic acid. It is not, 
therefore, surprising, that carbonic acid should be al- 
ways present in the atmosphere. Indeed, the great 
wonder is, considering the abundance of its sources, 
that it does not accumulate to an injurious degree, 
as it certainly would, without one of those admirable 
and providential compensations which perpetually 
strike us among the laws of nature ; by which it is 
provided, that the process of vegetation should remove 
the contamination produced by the animal part. 

PAET ZII. I 
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xsomMBBS Km tbe psopia 

Carl>oiiic o^ide, when respired, i 
life. Bit Humpliry Davy took three inspirations d 
mUed wilhalMiul one-fourth of common air; the ofl__. 
WMatempOTaiy loaBofHensation, which waaHucceedeA 
bv dddioeas, sickness, acute pains in different parts of 
tnelfodf, and extreme debilitf. Soma days elapeed 
before he entirely recovered. Since then, Sir. Witter 
of Dublin wae struck down in an apoplectic condition 
l^ breathing tbis gas ; but he was speedily restored by 
Ae inhalation of oxygen. 

F%T/ have icorkmen ojltn losl their lives by sleeping 
too mar limdcUni 9 

Because carbonic acid gas is extricated fitim the 
kihis in great abundance. 

This brings (o our recollection an incident, which 
occurred a lew years back at a limekiln adjoining the 
old Bristol road, and manifests how perfecdy insensible 
the human &am« may be to pain in peculiar circum- 
Btancee. It is related by Mr. Leonard Knapp, in his 
interesting Joumai of a JVohiroZisl, and though not 
excluaiveiy illustrative of the above question, we are 
induced to quote his oarrative : — " A travelling man 
one winter's evening Itud himself down upun the plat- 
form of a limckibi, placing his feet, probaoly numbed 
■with cold, on the heap of sionca newly put on to biun 
through the night. Sleep overcame him in this situa- 
tion ; the fire gradually nslng and increasing, until it 
^nited the stones upon which his feet were placed. 
Lulled by the warmth, he still slept; and though the 
fire increased until it burned one foot, (which probably 
was extended over a vcnt-hoie) and part of the leg, 
above the ancle, entirely off*, consuming that part so 
effectually, that no fingmenl of it was ever discovered 
— the wretched man slept on 1 and in this state was 
found by the kiln-man in the moruing. Insensible to 
any pain, and ignorant of his misfortune, ho attempted 
to rise and pursue his journey, but miswng hia uio^ 
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requested to have it found ; and when he was raised, 
putdnff his burnt limb to the ground to support his 
Dody, me extremity of his leg-bone, the tibia, crumbled 
into fragments, having been calcined into lime. Still 
he expressed no sense of pain, and probably experi- 
enced none, fix)m the gradual operation of the fire, 
and luB own torpidity during the hours that his foot 
was consuming. This poor drover survived his mis- 
£>rtune8 in the hospital about a fortnight ; but Uie fire 
having extended to other psrts of his body, recovery 
was hopeless." 

Wku art dogs kSled by entering the * Grotto del cmvo^ 
in J2a^ whiU man enters with ac^etyf 

Becnnifle the floor of the grotto is lower than the 
door, and this hollow is always filled with fixed air, 
^dii<^ can rise no higher than the threshold, but there 
flows out Uke water. It has been a common practice 
to drive doffB into this cavern, where they suffer a tem- 
poraiy death for the entertainment of the passengers ; 
Dot a man walks in with safety, because his mouth is 
6r above the sur&ce of this deleterious air. The lake 
of Avemo, which Vir^ poetically describes as the en- 
trance to the infernal regions, evolves so large a quan- 
tity of this gas, that bir^ fiyins over it, drop with suf- 

Whf does carhomc acid gas fU the apparently empty 
tpaee^ or vfper part of the vessds, in which vinous Jer- 
wtentaiion ts govng on^ 

Because of the ^*eat weight of the gas, which pre- 
▼sotB its ascent. Dr. Ure observes, *^ a variety of strik- 
iD|[ experiments may be made in this stratum of elastic 
fluid. Lighted paper, or a candle dipped into it, is 
immediatdy extinguished ; and the smoke remaining 
in the carbonic acid gas, renders its surface visible, 
-which mav be thrown into waves by agitation, like 
water. Ii a dish of water be immersed in this gas, and 
fariiaikly agitated, it soon becomes impregnated, and ob« 
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be lifted out in a pilchw, or Iwltlp, whidi, if *.^ 
corkml, may be used to convey il to great d^taneoT^ 
or il may h« drawn out oT a veaael by a cock, like a 
liquliL Theeffecianroducedby pouring this invi«ble 
fluid from one vcsacl to another, nave a very aingular 
sppearanco : if a c«ndle or small animal be placed in 
a deep vei«cl, the former becomes extinct, and the lat- 
ter expiree, in a few seconds after the carbonic acid gas 
is poured upon them, though the eye is incapable of 
dialiDguighing any thing that is poured. !i^ however, 
il be poured into a Tessel full of air, in the Bunshine, 
itB density being bo much greater tliuu tliat of the air, 
renders it slightly vieible, by the undulations and 
streaks it forms in the fluid, aa it descends through it." 

Carbonic acid has a peculiar, sharp taste, wbich may 
reailily be perceived over the vatB in which wine or 
beer, le fermenting, as alao in Buarkhng Champagne, 
and the brisker kinds of cider. It consists in lOOpartH, 
of oxygen 72.73, the other 27.38 being jnire CHrimn. 
It not only destroys life, but the heart and tnusclea of 
animals killed by it, lose all their irritability, so as 10 
be insensible to the stimittun of galvanism. 

Butterflies and other insects, of which it is desired 
to preserve the colours unimpaired, may tiometimea be 
conveniently suflbcaied by this gas. 

Why has soda water a briak, sharp Uiste? 

Because il is water, which, by artificial preaaure with 
forcing pimips, has been matle to absorb two or three 
tiinesita bidk of carbonic acid, according to its shcup- 
ncss. When there is added a little potash or soda, it 
becomes aerftted or carbonated alkaline water: — "« 
pleasant beverage," obaervcs Dr. Ure, "and a not In- 
active remedy in several compluints, jiarticulor^ dy«- 
pepsy, hiccup, and disorders of the kidney." The tf- 
lervescent quality of many mineral wate ' " -*' 
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to the presence of this gas, and they are often imitated 
by condensing carbonic acid into water, either by a 
condensing pump, or by a Nooth's apparatus, consist- 
ing of three vessels connected, which the observant 
r»der may have noticed in the shops of chemists. We 
have aJready mentioned the water of Pyrmont : Spa 
and Seltzer are also instances : the last particularly, is 
bighlv impregnated with this acid. These waters are 
80 pleasant and salutary, that various imitations of 
them, made in this country, are sold under the names 
of ainele and double soda water. They are manufac- 
tured by several houses in London, equal in every re- 
spect to the natural waters imported from the continent. 
Behzer water is, we know, frequently introduced at the 
dinner tables of the wealthy, in tall stone bottles, simi- 
lar to those used for beer in France and the Nether- 
lands, and formerly used for spruce-beer in this country. 

The strength of soda water, or the quantity of car- 
bonic acid gas which it contains, is not, however, its 
main excellence ; it should also contain soda. We know 
a patentee of soda water who nearly lost his life by ex- 
perimenting upon the strength of his apparatus, which 
bnce burst with tremendous violence ; the copper of 
the vessel, though of considerable thickness, was riven 
or torn asunder : he showed one of its fragments to Sir 
Humphry Davy, who requested it for his laboratory. 

Carbonic acid gas may be rendered liquid by great 
pressure, and Mr. Brunei has endeavoured to apply 
this liquid as a mechanical agent for the production of 
motive power. 

Why are carbonates so called? 

Beciause tliey are combinations of carbonic acid with 
the alkalies, metallic oxides, in earths, and in stones ; 
particularly in chalk, limestone, and marble. Thus, a 
cubic inch of marble contains as much carbonic acid 
in combination, as would fill a four-gallon vessel when 
in the atate of gas. — Parkes. 
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Becau . . . 

of carbon ; out) Ihu?, ibere is no had in ils i^ompora- 
tion. Maay otlier iuetahces might be adduced, ia 
which iho nanies of aubetauces have given ttlae ideas 
of ihcir nature and propertiea. Tlius, wliite and green 
copperas contiiin no ropper, but arc fonned, the one 
witb zinc, the other with iron. 

JFh/ u aiumbofro much uted far makiiig cnKSiUt 
and pmtabte Jiimacts f 

Because, lilte charcoal, it is indestructible by heat, 
unless with the presence of atmospheiie air. It pro- 
tects iron fivin rust, and is on tliat account rubbed on 
■various ornamental cost-iron works, such as the fronts 
of grate^ &c, 

fPhy u cast<ron submilted la a long inleiMe heal, to 
bt converted into tcroiiglit iron ? 

Because by tliis means the carbon burns, and, Tmit- 
ing with the oxygen, both go off in tlie slate of car- 
btwic acid gua. 

Why da pit-coals vary in qualitr/? 

BucauBe of the difrerent proportiooB of carbon and 
bitumen whicli they contain ; but carbon is the chief 
ingredient in oU. 

H% art mme coals caUxd staly? 

Because itiey hold also from 10 to 40 per cent, of 
earth ; and some ooals liltewise contain a considerable 
quantity of sulphurct of iron, known by the name of 
martial |)yrites. 

There are foiu- species of coal very distinct from each 
other: viz. the graphite ofWemcr, or plumbago; the 
anihracolite ; the jet, or pitch coal ; and tlie common 
coal. Onehundrodparlsof plumbago contain, accord- 
ing to Bertholiet, about 90 per cent, of charcoal, and 
10 of iron. AutliracoJite,oranthracite,is diatinguiahed 
from other coal liyburningwithoutflanie,and is some' 
times called stone coal: it is composed of 64 caibon, 
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83 fiflica, and 8 parts of iron. Jet occurs in Scotland, 
at Whitby, in Yorkshire, in Bavaria, and in France, 
near the Pyrenees. It is composed of 76 parts char- 
coal, 22 parts bitumen, and two parts earth. Common 
coal is composed of bitumen and charcoal, and varies 
according to the places where it is procured. 

OXT6EN. 

Ifhy 18 oxygen so caUed^ 

Because it enters into the composition of a large ma- 
jority of the acids, (from two Greek words, signifying 
the formation of acids) and was formerly supposed 
to be the general acidifying principle. 

Sir Humphry Davy appositely observes, that the 
great chemical agent, oxygen, is at once necessarv in 
all the processes of life, and all those of decay, in which 
nature, as it were, takes again to herself those instru- 
ments, organs, and powers, which had for awhUe been 
borrowed, and employed for the purpose or the'wants 
of the living principle. 

Growing vegetables, exposed to the solar light, give 
out oxygen gas ; as do leaves laid on water in similar 
situations, the green matter, that forms in water, and 
some other substances. 

Why is hadj exposed to a strong keat, and free access 
of air, converted into a bright red svbstancey knoum as 
minxuniy or red lead ? 

Because the lead gives out the oxygen which it liad 
previously attracted from the air at a lower tempera- 
ture. The red precipitate of the druggists is similar^ 
produced from quicksilver, which, in the operation, 
mcreases its weight about 8 per cent. 

Oxygen gas may be obtained in its greatest purity 
from the salt called chlorate of potassa. After the dis- 
covery of this gas, it was adopted by Lavoisier as the 
universal supporter of combustion. The basis of the 
gBfl was supposed to unite to the combustible, and the 
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this cjise BBvera] requisites bto nol IblfiUed ; thi 

l^ht depends iipan the combustible, and not upon ibe 
quBntitf of oxygen consumed ; and there are very nu- 
merous ioatonces of combuetioD, in whiuh, oxygen, in- 
Btcad of being solidified, becomes gaiteoixa during the 
operBlioD : and, lastly, in otherB no oxygon is preaent. 
UombuBtion, therelbre, cannot be regarded as depeu- 
deot upon any peculiar principle or ibrm of mattra', 
but must be considered as H general result of intense 
chemical action. We quote thin pers[iicuous theorj 
of combustion &om Mr. Brande ; its dependence upon 
electricity has been already noticr^d, as well aa ser^ral 
properties of oxygen, in connexion witli the general 
Bubject of combuBlion. (Set pp. 60 to 65.) 



Wkg M chlorine to coiled ? 

Becauee its colour is green (from the Greek word 
for green). 

Ut. Ure observes, "the introduction of this tenn, 
(chlorine) marks an era in chemical science. It orina- 
ated from the masterly researches of Sir Humpniy 
Davy, on the osymiiriatic gna of the French schoolia 
substance, which, after resisting the most poweml 
means of decomposition which his sagacity could in- 
vent, or hia ingenuity could apply, he declared to be, 
accordinK to the true logic of chemistry, on elementary 
body, and not a compound of muriatic acid and oxy- 
ffen, as was previously itniigined, and as its name 
denote. He accordingly assigned to it the 
chlorine, deacrlptive of its colour, a name now 
generally applied," 

Why are chlorine and its aqueous sotulion used to 
prevent ii^tctionf 

" le chlorine has the power of decomposing the 
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nocuous compounds which produce conta^on, and re- 
solving them into others, which are harmless. Even 
when combined with lime, in the substance usually 
known as bleaching powder, chlorine retains this anti- 
septic power. For the purposes of fumigation, chlo- 
rine, liberated from manganese and muriatic acid, or 
manganese salt and sulphuric acid, may be difiused 
through the atmosphere of the infected chambers, or 
the imected goods may be exposed to it In the same 
way, the ofiensive odour of dead bodies may be miti- 
Med by sprinkling them with solution of chlorine. 
Chloride of lime has also been successfully used in 
cases of bums ; to destroy the stench of bilge- water 
in ships, and to correct the confined air in their holds ; 
as well as to destroy tlie fire-damp in mines. 

Why is Ueaching pmoder always used ia a liquid form ? 

Because it has the property of bleaching only when 
water is present. Thus, if a piece of dry litmus paper 
be introauced into a jar of diy chlorine, it will suner 
no change ; but if previously wetted, the colour will 
speedily disappear. The colours of printed calico may 
readily be discharged by the same means. 

The addition of the water to the chloride of lime, 
(or bleaching powder) efiects its partial composition : — 
one half of the chlorine leaves the lime, and dissolves 
in the water ; and this is the bleaching liquid of the 
shops, which is sold at a high rate, although it cannot 
cost more than a farthing a gallon. Sometimes this 
fluid is implied immediately to the substance to be 
bleached, but sometimes a weak acid is added, to de- 
stroy the slight affinity of the chlorine for the lime, 
and you wiB see by this addition, how much the 
bleaching power of the fluid is increased. The manu- 
fiustory of the chloride of lime is carried on on a large 
scale m the north of England, by passing chlorine into 
leaden chambers, containing hydrate of lime in fine 
powder. — Brande. 
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Scbcele firm remnrkeil tliis bleuching properW j B«r- 
thollet applied it to tbu on uf bicacliiiig lu France [ 
and &OIQ iiim Mr- Watt intruJucoii its uac into QmX 



ffhg w Bromine so calltd? 

Because of its oriein fitim a Greek word eigni^ing 
"a.eaoiia disagreeable odour." In like manner, tiiifine 
is uained from a Greek word Biguifying "viol«-«>- 
joured," wliicb diBiingtiialiea its vapour. 

Bromine and iodine have only very lately been dto- 
coTBred, and they belong to that clasa of nulieuuiee^ 
with whosu uae in the economy of nature we are at 
present totally unacquunted, and which bare not jei 



_idtheBtudy of tlieb* properties iaporticulnriyinBlnic- 
t]ve,onaccount of the analogy which eubaiats between 
tbem and chlorine- 
Bromine probahly exists in sea-\vater, but its retalire 
proportion must be exceedingly minute. One hundred 
pounds of Bea-WBtcr, taken up at Trieste, nfibrded 5 
srains of bromide of sodium='3.3 graius of bromine. 
Here the bromine is unaccompanied by any iodine ; 
and the same appears to be the raise tvith the waters of 
the Dead Sea. In the water of the Medilemuean, on 
the contrary, iodine is always found with bromine. It 
is most readily recognised by evaporating the water, 
80 as to separate all its more ordinary crystollizable 
contents, reducing the remainder to a VL'ry smell bulk, 
and dropping in a concentrated solution of chlorine. 
The apnisarauce of a deep yellow tint announces bro- 
mine. Dr. Doubeny, Professor of chemistry at Oxford, 
has discovered iodine and bromine in several sah 
iringa and minenJ waters of this country ; and the 
■ "' ' ' anajysea vrill tend to throw 
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light on the connexion bctwe«n the chemical ot 
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'cean'a tia^j^^| 

le oslies oC^^^I 
le, in ttoao^^H 



stitution of mineral waters tmd their medicinal quali- 
ties. Bromine has also been obtained fium the 
of aea-weedB, and we sboll preeenily have 
notice its connexion with the cause of the ( 
Thus, it has been discovered, not only in the ^-atere 
the ocean, but in certain salt springa, in the ashes 
marine plan^ and, according to Mr. Brande, in thoas 
of some marine animaU. 

Bromine acts with energy on the animal fimctloos. 
A drop, let fall into tho beak of a bird, was sufficient 
to kill iL Iodine was accidentally discovered in 1813; 
by M. de Caurtois, a maou^turer of salt^Ire at 
Paris. In his processes for procuring soda irom the 
ashes of sea- weeds, he found the metallic vessels niucli 
corroded, and in searching for the cauae of the corro- 
sion, he made Qiji important discovery. But for thig 
circiunslancc, merely accidental, one of the moat curi-^ 
OUB of sut^i^nces might have remained for agee uit^J 
knovm ; since nature has not distributed it, either HI} 
a nmple or compound slate, through her different 
kiugdoms, but has stored it up in what the Roman 
satirist considers as the most worthless of things — the 
vile sea- weed. — Ure. 

Iodine has been successfully applied in cases of can- 
cer and bronchocele. 



H^y is k^drogdi employed for Jilling aA^baBoonit^^^M 
Because it is much Ughter than the atmosphere ; the ^^H 
prineiple ujion which balloons are conatnicted being 
that a solid rises in the atmosphere with any given 
ibrce, when its weight is less than the weight of the ur 
which it displaces by the amount of that force. Hydro- 
^n is the lightest substance in nature at present 
knoTcn, being 14.J less dense than common air, 16 
[lines less dense than oxygen, and 14 times leas dense 
limn nitrogen. Pure hydrogen gns is not, however, 
^i^wBaary to fill balloons ; and carbureited hydrogen go^ ^^^J 



Rich BB ia used to light the eireets, hoe been adTBct- 
taffeoualy Bubstttiited. 

Dr. lire consiilflrs every cubic foot of gas induded 
in a balloon, to boTe by iwelf a buoyancy of fully onfl 
ounce avoinjupuise in the otinosphiirG. Henae, a bal- 
toou of ten feet diameter will have un nscenHioiiBl 
force of fully 534 oz. or 33 lbs. minus the weigbc of the 
314 superficial feet of the VBruiehed eilk euTelopiiiK 
the gas ; and one of 30 feet diameter, a buoyBocv of 
fiiUy 14,137 oz. or nearly 890 lbs. mtniu the weidit of 
the 2,827 feet of envelope. Tlie Bubject ofbalioona, 
generally, belongs to Ptteuatatiea. 

Hydrogen also fomia a component of all vegetable 
and (uiiuial products, and is tlierelnre abiindnntly di& 
fused throughout nature. It may be respired for a 
short time, though it ia inattmtly fatal to all email ani- 
niols. M. Maunoir, afler having breathed a quanti^ 



of pure hydrogen, found that bie voice bad become re- 
' " ■irill. ' ■ ■ - ■■ ' ■ • ' 

hen aMTt 
flame at ibe sur&ce, 



markably shrill. It is inflammable, and extinguishea 
flame. When piu-e, it bimiB quietly, with a lambent 



Wty u Ihe gax hlovrpipe so impoHant an malrument 
in chemical atuUysia, i(c. ¥ 

Because itenahlea us to employ a mixture of oxygen 
and hydrogen gaeea, and tbus to produce the moat 
powerfiil heat yet known, Thiemay be shown by pre- 
paring a bladder fiill of each of these aira, and fbrcins 
aome out of each, into a common tube connected vnm 
both, and throwing a Htream of the mixed gasea on 
burning charcoal, or on any olbcr stilMancein the act 
of combustion. These bladders should each be fiir- 
nished with a small metallic pipe and stop-cock, and 
the lube connecting with both should have a very small 
orifice, in order that a n^lsTBtreara of the eoDllIund^ « 
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^as may be tlirown upon the burning Bubatance. This 
IB palled the liydrtt-oxygcn hlowjiipe, and its conHiruc- 
lioR and uan vierv ilhistrated liy the late Dr.E. Clarice, 
ill B series of t>eaii1iiu] experiments in the fusion and 
reduction of earths and metals, and their compounda. 
Mr. Hai'e of Philadelphia, also fused, by this appara- 
tus, jioruelaiii, cnnunon pottery, Wedgwood's ware, 
pipe and porcelaio clay, fine brick, common hrick, and 
ci^mpoiind bricks, with equal ease. M. ]L.anipadiuB, 
on making use of the gas blowpipe, found the heat^ 
wbich is produced by iJie combustion of osygen, with 
carburetted hydrogen gna, procured from coal, to be 
more intense tlinn that with pure hydrogen. Mr, Brande, 
however, thinks the bIkivc ulowpipe at ways a danger- 
ous insmiment, end adds, "nearly aa intense atempe- 
rature may be safely produced by propelling oxj^sa _ 
through llie flame of a spirit lamp.' J 

Why is the common blowpipe, or simple hatt ttibtfM 
less adsaida^eims than that just described? I 

Because it is hurtful to tho lungs, and cannot bo I 
used but with much inconvenience, from the necessity 
of keeping- up a continued blast. To effect the latter, 
bellows have been added, but as portability is a n-eat 
object, dicy aro more objectionable than bladders, 
which occupy little room when empty, and may be 
qnickly filled with air. Mr. K. T. Kemp, of Eduiburgh, 
has, however, invented a blowpipe which is very port- 
able, requires scarcely any exertion of the limgs, one 
expiration into it being- sufficient to produce a coi 
ued blast for about two uitnutea — and occupies veiT J 
little space. It is described and drawn in JamesoTrM'M 
Jovmal (or 1829, and ia Om .Srcam i^ ScierKe and .Mm 
for 1830, p. 145. ■ 



Greek worils signifying the formation of WBterfil 
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Thus, when two Tolumce of pure hydrogen ges are 
mixed with one volume of pure o:iygcn god, and the 
tnixturQ infiomed in a proper uppuralus iiy tlic electric 
epork, the goaes lotolly diwippeBr, and the inleiior of 
the vessel ia coveretl with drops of pure wuler, equal 
in weiglit to that of the gasee cODBumed. AgaiD, if 
pure water be exposed to the action of voltaic elecoi' 
ci^, it ia resolved inlo two volumee of hydrogen, diaen- 
saged at the negative {>olc, end one volume of oxygen, 
disengaged at the posidve pule ; eo that water is tluia 
proved by ByniheBia, and by analyaJB, to couslst of two 
volumes of nydrogen conil)in<Kl with ono of oxygen. 
We quote this illustration from Mr. Braodc, who adds, 
" the experiments illuBlrating the composition of water, 
and showing the proportions in which ila elementa axe 
united, are amongat die moat important in chemistcv. 
The readieal means of decomposing water is as fbl- 
lowB : — take a gun-barrel, the breech of which had bees 
removed, and fill it with iron wire coiled up. Place it 
BcrosB a common chaiing-dlsl), and connect to one end 
of it a small gloss retort, containing some water ; and, 
to the other, a bent tube, opening under the shelf of 
a water-balh. Heat the barrel redhot by means of 
charcoal, and apply a lamp under the retort The steam 
of water, in passing over the redhot iron, will be da- 
compoaed, tlie oxygen will unite with the iron, and the 
hydrogen may be collected in the (onn of gaa. This 
is the most economical way of making iiydrogen in 
large quantities. Those who have bad an opportunity 
of viaiting an iron foundery, may see this process con- 
tinually going on ; for when the melted metal ia poured 
into the damp moulds, the water which they contain, 
is decomposed, and the hydrogen which ia given oflTia 
ignited; and generally, from its mixture with the air, 
produccsa alight explosion. I fthis experiment be made 
very carefully, by placing the iron wire, previously 
weighed, in a glass, or very compact farthen tube, in- 
stead of the gun-barrel, the weight which the iron will 
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have acquired, added to the weight of the volume 
£sa produced, will bo found exactly lo make up t 
weight of the water decomposed ; and thej will he 
eaefi in the proportion of eiglit to oue. 

Water was, till modem times, considered as an ele^^ 
mentary or Btmpio eulstance. In 1776, the celebrated 
Macquer made en experiment, by burning hydrogen 
gas in a bottlfl, without exploeion, and holding a white 
china eaucer oror the flame. His intention appears to 
have been that of ascertaining whether any luliginoua 
amoke was produced ; and he observes that ihu saucer 
remained perfectly clean mjd white, hut was moistened 
with perceptible drops of a clear fluid, resembling 
water ; and which, in fact, appeared to him to be no- 
thing but pure water. In the following year, Buquet 
and Lavoisier experimented to discover what is produo 
edW llie combustion of Jiydrogen ; but I>r. Priestley, in 
ITBI, appears to tiave liiHt fired hydrogen and oxygen 
gta ID a closed glass vessel; die insideof which, though 
cksB and diy before, became dowy. The inference 
reqiec^g this was, that lliese airs, by combusCion, de- 
ponted the moisture they contained. Mr- Watt, how- 
ever, inferred from these experiments, that wato' is a 
compound of the burnt airs, wJiich give out their latent 
heat by combustion. In the same year, Mr. Henry 
Cavendish was busieil on the subject, which he illus- 
trated by a valuable series of experiments. The com- 
position of water was notknovni or admitted in France 
tiU the year 1783, when it was proved by MM. Lavoi- 
rier and de la Place. The grand experiment m Franco 
waa, however, by Fourcroy, Vaquehn, and SSguin, and 
was begun on May 13, 1790, and finislied on the aSnd 
of ibe same month. The combustion was kept up one 
hundred and eighty-five hours wilti little interruption, 
during which time the machine was not quitted for a 
moment. The experimenters nitemateh' refreshed 
Ibemselves when fatigued, by lying for a few hours on 
■ — ■ " 1 the laboratory. The total weight of by- 
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drogen and oxygen employed, was Jji^SSTf; the ■ 

weight of water obtained was 7,244 grains, or 12 oe> 

4 groB. 45 gr. j the deficit being 4.227 gr. The wans 

being examined, was fuitnd to be ea pure as distilled 

The eompositioD of witter is I)esl demonstrated, by 
Krploding two volumes of hydrogen, aiid one of oi^gen, 
in (lie euiUometor. Tliey disap[>eitr, anil pure water 
reeulla. From ttie noet careful experiments, it appebn 
that n cubic incli of water, at the temperature. of 60", 
weighs 352.EQ gr., aud consists of 28.06gT. of hydro- 
gen,Dnd224.46 gr.of oxygen. The volume of tfaje for- 
mer gas 19 1,335 cubic inches, and, of tlio latter, 669^ 
makitie together 1,^7 cubic inches ; so lliat the con- 
densation IS nearly 2000 volumes in 1. 

Whi/ it utaitr umwrstJly found throii^tout iuiNare9 
JBecauae it poseessos a large nuige of affinity for nat- 
nral bodiefl, ol which it is cjioable of dissolving a great- 
er ntmiber than any other fluid. It is found not onlj 
throughout the earth m an uncombined state, with jia 
panides in the different aggregates either of ice, water, 
or vapour, but in a pnmianeut and chemical uniott 
with a va^ number of Hubstances, soUd, fluid, and 
gaseous. The air of the atmosphere, and even that 
which is considered the driest, contains much wSHnr 
in BolutioD. Many eolid minerals, and crystallized 
neutral salts, contain water in their composition; eomft 
of llie latter to more than half their weight. 
fVhy u hard water often impropir for dyeing f 
" - '- — •-' '-iritlian — L..L..: ^■ 



Bceuu!)e it contains salts with an earthy basis, which 
precipitate upon the stuff during boiling, and thuB 
prevent the access of the colourinc' particles. Some 
of the earthy salts are indeed used m th'eing, but to 
alter and heighten particular colours. Well water is 
preferred in dyeing red, and other colours that want 
astriiigency ; as well as in the dyeing of stuffa of looM 
texture, as [»lieo, fustian, and cotton. 
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Wh^ has ihe common prtxcHce of lining weUa with 
hicks been condemned f 

Because bricks soften the hardest water, and give it 
an ahuninous impregnation. — Dr. Percival. 

Why is under often found impregnated vrith sutphur- 
etted hydrogen gas f 

Because of tne spontaneous decomposition of pyrites, 
or Bulphuret of iron, where the spring rises. Hence, 
sulphuretted hydrogen gas, which consists of sulphur 
heia in solution by hydrogen gas, imparts the medicinal 
value to many celebrated springs, and is found very 
plentifully in all those natural waters, which emit that 
peculiar and offensive odour somewhat similar to rotten 
effgs, or the scourings of a foul gun-barrel. At a me- 
diuui temperature, water will absorb from two-thirds 
to three-fourths of its bulk of this gas, and even twice 
Its bulk. 

Of this property were the several wells in London, 
aipposed to be impregnated with the apvriius mundi^ 
and sold by the monks as a kind of spiritual nectar ; 
the most celebrated of which was the Holy-well, near 
Shoreditch. 

Why does this water soon hecmne turbid'^ 
Because the cohesion of the sulphur to the hydrogen 
is very weak. It soon deposits pure sulphur. Hence, 
the sulphureous pellicles that are found in the chan- 
nels in which this water flows, or the lining of the casks 
and other vessels in which it is usually conveyed. 

Why is the purest water thai which falls from the at- 
mosphere^ 

Because, having touched air alone, it can contain 
nothing but what it gains from the atmosphere, and it 
is thus distilled without the chance of those impurities 
which meLf exist in the vessels used in an artificial ope- 
ntion. — Sir Humphry Davy, 

Why is rain-waier collected in toums less pure than 
dmu&ref 

k3 
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Because it always acquires n nnall quenrity of K 

phateof lime, and cnrbotmteof limp, obtained fromB__^ 
roof uid plaiBter of the hoiisen. Apiia, rhe annoapheNr' 1 
of a amoky lonii will give some juipi'cgDBtioQ to rain,' 
as it pafisea through. Ilijipocratea BtalUH, that niii' 
water should always be boiled and streineil when col- 
lected near large towns i a fact now well knowa to 
chemieta. 

Why ta the purul tcaler produced from ^loio that fuu 
Jidhn on glaeierg, JiAich are thenadvea forined from 
frozen mnoK ? 

Because congclotioD expels Ixttli salts and air &oui 
water, whether existing below, or formed in ilie Btmof»- 
phere: and, in the high and uninhabited regions of 
glaciera, there can searcely be any Hiibeianees to con- 
taminate : removed from animid Hud vegetable lift^ 
they are even above the minenti kingdom. Sir Hum- 
ph^ Davy considers this to be pnrc water : its coloar, 
when it has any depth, or when a mass of it is seen 
through, i« bright blue ; and, according to its depth, it 
has more or leas of this colotir. Captain Parry slateEL 
that the water on the Polar ice has llio Mine l>eaiiti&l 
tint. The reader will find some new and interesting 
obeervMionH on the colour of water iu So/monio. 

ffhy ia aaleT dUtUled? 

Because ita foreign impurities may be completely 
K^tarated Irom it. Distilled water ns commonly pre- 
pared, however, always affords minute tracea of foreign 
matter, especialij when subjeetpJ to voltaic decompo- 
iition, and can only be considered as perfectly puro, 
when re-dielilied, at a low lempemture. In silver ves- 
sels. 

JPh/ it dUliUed vmier Ow lightest of all waters f 

Because it contains neither solid nor easeous sob- 
■tances in solulioa. It is perfectly devoid of taste ; is 
colourless ond transparent feels soft, and wets the fin- 
fera mora readily than any otlier. The principal cases 
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in which distilled water has been used as an article of 
drink, have been in those important trials of the prac- 
ticability of producing it by condensing the steam of 
seawater, by means of a simple apparatus fitted to a 
ship's boiler. These have fiilly shown the ease with 
which a large quantity of firesh water may be procured 
at sea, and that of the purest kind. 

Why did the. old chemists hdieve in the conversion of 
wtxUr into earth hv distillation ? 

Because they iound that the water, though purified 
by repeated distillation, if evaporated to dryness, always 
left a small residuum. Mfigraff distilled water seventy- 
two times, with this result ; but Lavoisier determined 
that this residuum was entirely owing to the abrasion 
of the glass vessels in which the process was carried 
on. 

Why has it heeti important to ascertain wUh precision 
ihe weight of pure water ? 

Because it is the standard with which all other 
liquids and solids are compared ; as the weights of 
aeriform fluids are with atmospheric air. Moreover, 
a recent act of ParUament declares, that the standard 
measure of capacity shall be the gallon, contaming 10 
lbs. avoirdupoise weight, (7000 gr.=l lb.) of distilled 
water, weighed in the air, at the temperature of 62^ 
of Fahrenlieit's thermometer; the barometer being 
at 30 inches. The capacity of this gallon is 277.274 
cubic inches. 

Hoffinan thus sums up the properties of pure water : 
*• It is the fittest drink for all ages and temperaments : 
and, of all the productions of nature or art, comes 
nearest to that universal remedy so much sought after 
by mankind, and never hitherto discovered." 

Why does potash soften hard water '^ 

Because it decomposes all the earthy salts which 
oppose the solution of soap, by causing the earth to 
precipitate, whilst the neutral alkaline salt which is 
left, does not injure the solvent power of water. 



Why dot* aium elrar fmd water 'i 



Becaueu this eell ia deoomi 



Vme in the water, and the fUumiaa 



I Benaible impurities. 






:l by the carbonate jfl 
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pj>«a«: 
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Q bn, in fact, a species of fittro^on, tl 



efficacy of which, as a remedy for the long-complained- 
of impurideB of the water of the Thames, we have al- 
ready DOliced, in Pmt 1 of this work. That the Thames 
water may be bo piiriiieil is proved by the fact, thai 
upon being taken to sea in casks, and becoming putrid, 
when it is racked off, and exposed to the air, it grad- 
ually deposits a black slimy mud, becomes clear oa 
crystal, and remarkably sweet and palatable. 

It might be expected that the Thames, passing K 
large town, and thus receiving its impurities, should 
tbereb;y acquire a foubes.'s perceptible to chemical ex- 
amination for a conBiderabJB distance belowihe lown; 
but the moat accurate examinotione prove that, where 
the stream is at oU considerable, these impurities have 
no influence in permanently altering (he quality of the 
water ; and, as they are only susjiended, that mere rest 
will restore tbe water to its original puriof. By this 
filtering process, or depuration, as Is proved 1^ Dr. 
Bostock, in the PkUoaophicol TTonaactums for 1829, 



a the V 



n the following salts: 



Carbonate of Ume 
Sulphate of ditto 
Muriate of soda 



Thus, although the water, by this depurating 
cess, freed itstilf from the great quanti^ of 
matter which it contained, and acquired a stall 



of ap- 



rati purity, which nu^ render it Bufficientlf proper 
many pttrposes, yet tbaltbc quantity of saline mat- 
ter was increased as much as Ibiirfbld. The greatest 
proportionate increase ia in the muriiitea, wluoh are 
very nearly twelve times more in the piirifiod water 
than in that of the Thames in its ordinary stale. The 
carbonate of lime is between two and three dmes as 
nbiindant as before, and the Bulphate of lime between 
five and six times. This water, also, examined in ita 
foul state, garo very obvious indications of both buI- 
pbur and ammonia, neither of which could be detect' 
ed dAer depuration. 

This depurating process may be denominated a. spe- 
cies uf lermentadon ; i. e. an operation, where a sub- 
Biance, without any addition, undergoee a change in 
the arrangement of ita component parts, and a new 
compound or compounds are produced. The newly 
formed compotmds wero, in this case, entirely gaseous 
and, except a port of die carbonic acid, were die- 
charged. The saline bodies, not being affected by this 
proceeH, remained in solution, leaving the fluid free, 
indeed, from what are considered as impurities, yet so 
much loaded with earthy and neiitnii salts, as to be 
converted Irom a soft into a hard water. The source 
of die saline boiiies may be supposed to be the organic 
substance*, principally of an aiiimal origin, which are 
BO copiously deposited in the Thames i of tliese, the 
most abundant are the excrementitioua mailers, as well 
OB the pans of various undecompoeed animal bodieR 
The different speciea of the soller and more soluble 
animal coiiipouuds, act as the femicitt, and are them- 
selves destroyed, while the salts which wore attached 
to them are left behind. It may be conceived, thero- 
foro, that the more tbul is the water, the more complete 
will be tlie sulmequeul process of depuration : and we 
have hence an explanation of tlie popular opinion, that 
the Tliames n-ater is pecuhoriy valuable for sea stores, 
its extreme impurity inducing the fermentative pro- 
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lecanse, not ooly the rain, but even the rapour in 
air, Httracted by the wood, gradually reacla upon 
fibres, and assists decompoeitiOD, or CDsblea its ele- 
ments to inke new arrnngesients. Hence it is, that 
none of the roofs of auoieat buildings, mure than one 
thousand years old, remain, cinleBs it be such es are 
constructed of stone ; ua those oflhe Pantheon at Roni& 
»Dd the tomb of Theodric at Ravenna, tlie tiupolH of 
which ia composed of a sinf^le block of marble. Th« 
pictures of the Greek mastery which were painted on 
the wood of the idnea, or pine of the Medileiranean, 
likewise, as we are informed by Phny, owed their de- 
struction, not to a cliange in the coloura, nor to the al- 
teration of the calcariiouH ground on whinh they were 
painted, hut lo the decay of the tablets of wood on 
which the intonaco or stucco was laid. Amon^t the 
substances employed in building, wood, iron, tin, and 
lead, are most liable to decay &om the operation of 
water ; then marble, when exposed to its influence in 
the fluid form. Brass, copper, granite, aienite, and 
porphyry, are more durable. — Sir H. Davy. 
Ifky do sovi/t atonti decay aooner than others 9 
Because much depends upon the peculiar nature of 
their constituent parts. Thus, when the feldspar of 
the granite rocks contains little alkali or calcareous 
aanh, it is a very pernianeut slone ; hut when, in gra- 
l^le, puphyry, or sienite, either the felds[>ar contolna 
much alkaline matter, or the mica, schorl, or hon> 
Ueade^ much protoxide of iron, the action of water, 
aoDtmning oxygen and carbonicacid,on the ferrugiuoua 
elemcaita, tends to produce the disintegration oistonD. 
Tbe kaolin, or clay, used in most countriea for the 
manufacture of porcelain or china, is generally pro- 
duced from the feldspar of decomposing granite, in 
which the cause of decay is the dissolution and sep- 
araiion of the alkaline ingredients. 
This and the three previous illusirationa are abridged 




the pOBthumeuB 
work of Sir H, Davy, already iiamej. We have no- 
ivbero setsa tJie philusophy ot creation and decay mora 
beaudAilly illuatraied thou m this treosurable Ijnla 
volume. 

Why it marUe used far sculpture and architeeUat in 
prtfirtnct to harder subatanca? 

Becauee their durability ie not in proportion lothor 
hardneBB ; and tnorhte, though miicti eofter than gra- 
nite, reeiaca longer the attacks of air and moisture, 

Wfm u tte hmperatw^ of tlie sea more Ttniform OuKt 
thai of any inland leater, erpoied to the atma^htn, ohA 
Tlot a hot spring ? 

Because it possesses in itself a peculiar sotiree rf" 
caloric, owing to a variety of eaaara, the operatiML of 
which is unknown to us. The vost body of the w^^, 
and the (lerpetuel agitation to which it is exposed, rea- 
der it leas liahle to he affected by oiitivard changes of 
temperature; and this isparticulnrly the ease at acon- 
sider^le depth below the surliice ; at its upper par^ 
however, it possesses an extensive range of tcmperatiire' 
at different seaaons of the year. On the shoreB of Eng- 
land, the surface of the sea is seldom, in the ievereat 
wenther, lower in its temperature than 40% or higher 
in the hottest summer, tlinn 65'-' -, whereas the heat of 
rivers, especially when they are shallow and didl 
currents elovr, rises higher and sinks lower than atbor 
of these points. — BooOi. 

Why does leaaater soon grow offensive by ketpingi 

Because of the decomposition of the animal end 
vegetable matters which it contains in suBpension; 
these, like all organic bodies, being peculiarly liable 
to change, and the salt in the water not being suffi- 
cient to preserve thera from decay. 

WJy is the sea vsutdly 0/ a ereen colour^ 

Bentuse, probably, of vegetable matter, and perhap^ 
p«rtl*lly, of two elementary principles, i 
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taromeu which it certainly contains^ though these are 
pOBBibly the results of decayed mariue vegetables. 
These give a yellow tint when dissolved in minute 
portions in water, and this mixed with the blue of 
pure water would occasion Beagreen. — Sir H* Davy, 

Why is it erroneous to suppose thai the salt in the sea 
has been graduaUy OugmerUed by saline particles brought 
into it by rivers ? 

Because this conclusion is totally inadequate to ex- 
plain the immense quantity of salt existing in the 
whole mass of the ocean. If the average depth of the 
■ea be ten miles, and it contain 2^ per cent of salt, 
were the water entirely evaporated, the thickness of 
the saline residue would exceed one thousand feet. — 
BakeweWs Geology. 

Connected with the depth of the sea, the following 
interesting question has been noticed in a German 
Journal. Whether in the sea there be depths where 
no creature is able to live, or whether a boundary be 
asBigned to organic life within those depths, cannot 
be ascertained. It, however, clearly appears from the 
observations made by Biot, and other naturalists, that 
fishes, according to their different dispositions, live in 
different depths of the ocean. 

JVhy is the Mediterranean of superior saUness to other 
seasf 

Because the Mediterranean expends, by evaporation, 
three times more water than it receives; the fresh 
water being so carried off from the surface. 

fFhy is (^ Dead Sea so called $ 

Because no hving creature is to be found in it. 

Why is it said, that ^nothing sinks in the Dead 

Because of its extreme saltness. Mr. Madden, a 
recent traveller, bathed in this sea : he could lie, like 
a log of wood, on die sur&ce, without stirring hand or 
hotf 00 long as he chose ; but with much exertion he 

l9 



could iuM dive Bufficjently lieep 10 cover oil his badjTj 
when ne was again tbrowii on the surface, in eptte of 
' 'i8 eudeaTOura to desceud lower. On coining out of 



ffly hat gleam »i«A extraordinary power? 

Because, in ita conalitudoD, two vohimeHofhydrogen, 
and one of oxygen, are condensed into two voiitmea. 
A cubic inch of water at 40'' is expanded by heat into 
1694 inches, or nearly a cubic foot of steam, at the 
temperature of 212° ; at whin^ point it is equal to the 
mean elasticity of tho atmoHphero, or thirty inches of 
mercury ; when we see the phenomena of boilinE. 

Water is susceiiliblp of compression, as was ongin- 
•ily shown by Canton, and more lately by Mr. Perkins, 
who finds a pressure of 2000 atmoBpherw occasioned 
bjadiminutionofl-iaih its bulk. {Phil. 7hms.lS30.) 
It suhrojtted to very sudden compression, water be- 
comes luminous, as has been shown by M. DeSBigne& 
— Brende. 

Why ia *Uam considered universal in nature f 

Because it is not only formed from water at its boil- 
iBg point, but rises slowly and quietly from it at all 
temperatures, even below the freezing poiot. It is al- 
waya found mixed with the permanent gases of the at- 
roosphere, even in the driest weather ; as may be seen 
by tne dew on a glass of water fresh drawn from a 
well in summer. Its elasticity at the freezinp point ia 
equal to 0.200-ineh of mereiin', and its force mcreaacs 
in a geometrical progression for equal increments of 
temperature. 

We have elsewhere quoted and simplified the appli- 
cations of steam," and, accordingly, here only notice 
which could not with propriety bo 
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omitted: fi>r, as Sir Humphry Davy observes, "the 
neam-engme m its rudest form was the result of a 
ehemical experiment ; in its refined state, it required 
the combinations of all the most recondite principles of 
chemistry and mechanics ; and that excellent philoso- 
'pher who has given this wonderful instrument of power 
to civil society, was led to the great improvements he 
made by the discoveries, of a ^dred genius, on the 
heat absorbed when water becomes steam, and of the 
heat evolved when steam becomes water." 

MURIATIC ACID. 

Why 18 muriatic acid gas termtd^ in more modem 
nomendaturej hydrochloric add gas ? 

Because it consists of equal volumes of hydrogen 
and chlorine, mixed and exposed to light. The best 
mode of showing its composition, is to introduce into 
a small but strong glass vessel a mixture of the two 
Hasee, and to inflame them by the electric spark ; no 
change of volume ensues, and muriatic acid gas re- 
aulta. — Brande, 

Oil of vitriol poured upon common salt is a common 
method of purifying the chambers of the sick ; the 
chlorine, which is thus produced, being a powerful dis- 
infectant. Common salt will remove miit and wine 
stains from linen, from the salt being a compound of 
■odium and chlorine. Sir H. Davy observes upon the 
first of these processes, " When common salt is de- 
composed by oil of vitriol, it was usual to explain the 
phenomenon by saying, that the acid, by its superior 
aiiinity, aided by heat, expelled the gas, and united to 
the soda. But, as neither muriatic acid nor soda exists 
in common salt, we must now modify the explanation, 
by saying, that the water of the oil of vitriol is first 
decomp(^ed; its oxygen unites to the sodium, to form 
soda, which is seized on by the sulphuric acid, while 
the chlorine combines with the hydrogen of the water, 
and exhales in the form of muriatic acid gns.** 

L 3 
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tfhv-ta invrialic acid, diatolvtd in ic 

Becouae it is cominoni)' procured by distUliDg & m 
ture ot' diluic sulphuric ncid with common suit; as, us 
parts of salt, and 33 of sulphuric acid, diluted with one 
third its weight of ivatcr. The quantity of real acid 
in muriatic acid of differeni denailieB, is bt'st aacer- 
tuned by the quantity of pure carbonate of lime, (Car- 
nra marble, for iuatanee) which a siven weight of the 
acid dissolves. Every .W grains of the carbonate are 
equivalent to 37 of real acid. — Brandt. 

Muriatic acid is much employed in the arte. It is 
the beat test for silver: if a single drop be poured into 
any solution coDtuning this metal, a copioua precipi- 
tate enadea, owing to the affinity of this acid for uie 
silver, and the inaolubiUly of the muriate of sijvertbus 
formed. Muriatic acid dissolves tin and le^d. 

Whji ig mtiriaiie acid recomviendtd for cleaning old 
hoolu aadprinisi 

Because, though it removes the stains of comnum 
ink, it does not affect printers' ink. For the latter use, 
add half an ounce of red lead to three ounces of com- 
mon muriatic acid. Whcrewritinga have been effaced 
for &mudulent purposes with this acid, aulphuret of am- 
monia, aiidpniBsiate of potash, will revive the writing 
and discover the artifice. Very old writing may be 
revived in this way. If indigo and oxide of manga- 
nese be added to common ink, it will prevent its be- 
ing effaced by chlorine.— Parie*. 

With various bases, muriatic acid forma the salts 
called muriates ; and muriates, when m a stale of dry- 
non, are actually chlorides. 



ibalterm ho taken ii 



Wkij ia ntfrog-en also eaUtd oiofe* 

Because an auiniai immersed in it is immediately 
suffocated (from b, privative, and Cojij, H/c) : but, if 
it,-, .o.™ i,„ ,„).„.. :., j[g Birict lense, all gaseous bodiea 



Bepting etinospheric air) might be included under 
fbr even oxygen ilsetf wiJl not indefinitely support 
: moreover, nitrogen, as it exists in the atmosphere, 
mixed with oxygen, appears to be absolutely essential 
lo animai life ; for no other gas can be substituted for 
it. If we consider the term nitrogen as merely imply- 
ing that it is a component of nitric 8cid, It Is explicit 
and unobjectionable. We, therefore, adopt it Ia pre- 
ference to that of azoie, — Brande. 

Whether nitrogen is or is not a simple body has been 
much discussed among eminent chemists, without any 
conclusive result. In Silliman's American Journal for 
1829, WB read of a discovery of nitrogen gas isauing 
in almost a pure state from the earth, through three 
springs, in Hoosick, New York. According to Trous- 
set, the gus emitted by the skin is pure nitrogen ; and 
Mr. Farodny has proved that if sea-sand, after ignition, 
be handled, it wiU yield an azotic impregnation from 
the skin, which the sand itself would not do. 

Professor Emraett recommends the preparation of 
□icrogen by dipping zinc into fiised nitrate of ammO' 
nia : it is instantly oxidized and dissolved, and nitrogen 
and aminonlacaj gases are evolved. Every grain of 
the metal fiimishea nearly a cubic inch of the gas; ; 

while the ammonia, which also escapes, becomes ^^k 
wholly coodenseil, as soon as it enters mio the yvettr ^^H 
uf the pneumatic cistern. ~^^H 

fPhy is there to mnch rtilrogtn in rdmoapheric air, ^^^M 
leeing that it u injunoua lo anitTud life ? ^^H 

Because it dilutes and modifies the oxygen of the at- 
mosphere, so as to prevent too rapid combustion, and 
stimulating respiration. Dr. I.ambe observes, that " if 
the proportions of oxygen and nitrogen were revMB- 
ed in atmospheric air, Uie air taken in by respiration 
would be more stimulant, the circulation would become 
accelerated, and all the secretions would be increased ; 
ilie tone of the vessels, thus stimulated to increased ac- 
tion, would be destroyed by over excitement, and, if ^^m 
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the supply from the stomach were not equal to the con- 
sumption, the body must mevitably waste and decay. 

Why is nitrous oxide popularly called ^laugkkif^ 
gas^'i 

Because it produces a certain degree of pleasurable 
excitement, often accompanied by laughter, in those 
who inhale it. It was discovered by Dr. Priestley, in 
1772, but was first accurately investigated by Sir Hum- 
phry Davy, in 1779. The best mode of procuring it 
IS to expose nitrate of ammonia to the flame of an ar- 
gand lamp, in a glass retort. When the temperature 
reaches 400° Fahrenheit, a whitish cloud will be|;in 
to project itself into the neck of the retort, accompamed 
by the copious evolution of gas, which must be col- 
lected over mercury for accurate researches, but fin: 
common experiments may be received over water. 

In Sir Humphry Davy's volume o^ Researches^ cotl- 
ceming nitrous oxide, are many interesting details of 
its effects when respired. Sir Humphry describes those 
upon himself thus : — " Having previously closed my 
nostrils and exhausted my lungs, I breathed four quarts 
of nitrous oxide fi'om and into a silk bag. The first 
feelings were similar to giddiness ; but in less than 
half a minute, the respiration being continued, they 
diminished gradually, and were succeeded by a sen- 
sation analogous to gentle pressure on all the muscles, 
attended by an highly pleasurable thrilling, particular- 
ly in the chest and the extremities. The objects around 
me became dazzling, and my hearing more acute. 
Towards the last inspiration the thrUling increased^ 
and at last an irresistible propensity to action was in- 
dulged in. I recollect but indistinctly what followed : 
I know that my motions were vai'ious and violent. 
These effects very soon ceased after respiration. In 
ten minutes I had recovered my natural state of mind. 
The thrilling in the extremities continued longer than 
the other sensations. Ahnost every one who has 
breathed this gas, has observed the same things. On 



some few, indeed, it has no effect whatever, and on 
othere the effects are aJwaja painfuL" The experiment 
cannot be inotle with impunity, especially by those 
who are hable to a determination of biood to the head. 

tfhy is nitric acid so calUd ? 

Because it is usually obtained by distilling purified 
nitre with sulphuric acid ; this, however, ie only suffi- 
ciently pure for ordinary purposes. 

Nitric acid Htains the greater number of animal Hub- 
■» of a yellow colour, and is hence used in pro- 



infectious matter, more especially in inhabited apart- 
ments, where chlorine would prove injurious. For thia 
purpose, nitrate of potassa (uilre) and sulphuric acid 
are mixed in a saucer, and the evolution of the acid 
vspour aided by a ^ntle heat. In pharmacy, and a 
variety of other processes, it is susceptible of interest- 
ing applications: it is used for etching od copper, and 
OB a solvent for tin,* in the preparation of valuable 
mordants, used by dyers and calico printers. It is an 
important agent in metallurgy, and especially in the 
art of assaying.^Brnnrfe. 

For the purposes of tbe arts, it is commonly used in 
a diluted state, and contaminated with the sulphuric 
and muriatic adds, by tlie name of aqua forlig. A com- 
pound, made liy mixing two parts of the nitric acid 
witii one of muriatic, known formerly by the name of 
aqua rigia, and now by ihatof ntfro-murioiic acid, has 
the property ofdisaolving gold and platina. 
tFky is oxalic acid alio caiierf acid 0/ sugar t 
Because it is most commonly procured by the action 
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AliIMONIA. 

Why is ammonia also called vdatUe aikaUf 
Because it converts most vegetable blues to greeo, 
and the yellows to red — properties which belong to the 
alkalies. The change of colour thus effected by am- 
monia is, however, distinguished from that produced 
by the fired alkalies, by the return of the original tint, 
when the ammonia flies off by exposure. It saturates 
the acids, and produces an important class of ammo- 
niacal salts, which are recognised by the evolution of 
ammonia, when they are triturated with potassa, soda, 
or hme. — Brandt, 

Why is sal ammoniac so called $ 

Because it was first made in the neighbourhood of 
the temple of Jupiter Ammon. According to Pliny, 
there were largo inns in the vicinity of this &mou8 
temple, where the pilgrims, who came to worship^ 
lodged ; and who usually travelled on camels. The 
proprietors of these stables had some contrivance for 
preparing and concentrating the urine of these beasts, 
and the salts which it produced were afterwards sub- 
limed in glass vessels for sale. Another account is^ 
that ammoniacal salt was abundandy obtained firom 
the blood of the victims who were slaughtered in hon- 
our of the god. 

Why shoxdd liquid ammonia be kept in weU-stoppei 
bottles 7 

Because it loses ammonia, and absorbs carbonic 
acid, when exposed to the air. 

Why is ammonia generally used in a liquid state f 
Because, being next to hydrogen and carburetted 
hydrogen, the lightest of all the gaseous bodies, it has 
a great affinity for water. Now, though water is in- 
capable of dissolving either hydrogen or nitrogen, yet 
when these are united in ammonia, their nature is so 
changed, that they become very soluble in water ; that 
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d having the power of taking up and condpnaine 
iriy 670 timea Its own bulk of aiDtnoniacal gas; acd 
waea thus saturated, the solution is lighter than an 
equal volume of water, in the proportion of 875 to 1000. 
tfky is ammonia important in difang? 
Because of its extensive use in making archil. A 
Florentine merchant, about the year 1300, having ac- 
cidentally observed thai stale urine, which alwaya 
contains ammonLO, imparted a very ftae colour to a 
certain species of moss, &c., mude experinienls, and 
thus learned to prepare archil. — BerthoUel. 

A rec-ent French Journal states, that agun ammojaa 
will give to new brandy ell the qualities of that of the 
oldest date. Five or six drops of the ammonia are to 
be poured into each Imttle of brandy, and shakea well, 
tliat it may combine with the acid, on which the taste 
and other qualities of the new liquor depend. 

tflty ii ammonia so abundanUii found in nature! 
Because all putrifying animal and vegetable sub- 
BtsnceB furnish it, in projiortion to the quantity of ni- 
trogen which they contain. It is, however, now genej; ■ 
rally procured by dry distillation of bones, horns, &o, 1 
BesidesvariouBusesin thearttj, iuchemic^researcliei^ ' 
and in medicine, ammonia combines with carbonic 
acid, and forms the article known ae volatile sedtg, 
which are likewise obtained from coal soot, and from 
the waste liquor collected in the manufacloriee of coal 
Ma. It has also an useful domestic appUcation in rdd- 
mg tlie lightness of bread ; which is explained by its 
great volatility, and the heat of baking. Another and 
more extensively usefid combination of aumionia, is 
with muriatic acid, forming muriate of ammonia, or 
il ammoniac, originally fobricated in Egypt, from the 
It of the dung of camels, burnt as fuel. It is now 
ide in Europe, and is used by dyers to prevent tin 
ftam precipitating ; in tinning metals, to cleanse the 
— °— s, and prevent them caidizinr *" 
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Nad 
in some of llie It 
in someoftlte Tuscan lakes. Ii has also been detected 
by Dr. Marcat io seawaier. On pit coal it may also 
M somelimei seen Lii a yellowislj white powder. 

ffky is old dtcomposed dwtg romparatincly ttaelas Hi 
HMDiure? 

Because, as soon as duug begins to decomposo, it 
tbrowB ofT its volatile parts, wliicb arc the moat valu- 
able Bud moat elScietic. 

WAy is soot a poiBerfid mnmire7 

Because it possesses ammoniaoaj salt, empyreunialio 
oil, and charcoal, wbieli is capable of being rendered 
soluble bj the BCtion of uAygen, or pure vital ajr. 

Why are the stem and travu of the bett-rool vahiabUI 

Because, when dried and burned, ibey yield asbea 
BO rich in alkali, tbat it melts easily by heat, and eur- 
passes many of the common varieties of potaesa. 



Wly art conumn pwites roasted to obtain svlphari 

Because, the ftuuesbein^ received into along cham- 
ber of fariekwork, the aulptiur is graduiUly deposited; 
it is then ptiriiied by fusion, and cast into sticks. 

Why tmll a roll of aidpktir, when suddetdy seized hi 
a warm hand, craeMe, and sometimes fallin pixctsJ 

Because the action of heat is unequal, the sulphur 
conducting it but slowly, and having little power of 



Sulphur is one of the few eleraenta which occur in 
nature in tbeir simple form. It is a well known mi- 
neral substance, found in targe quantities in the neigh- 
bourhood of volcanoes, and as an article of commerco 
m chiefly brou^t from the Mediterranean. The efiKH 




^r popn.Aa cBEMiaTur, 

'I tfliettt upon sulphnr ere Teiy curious. Itiareaditel 
^ nehed and volatiiized, and begins to evaporate at 170^ 1 
and to fuse at 105'. At 920^* it becomea completelj 
'■iiid; between 236" and 228° it befros to crystallize; 
■■.iween 230° and 284" it is aa liqiiiil as clenr vamish, 
'^j^d of an amber colour ; a[ about 320° it begins to 
Ihkken, and acquire a red colour, and on increasiztg 
[\ie beat, it becomes so thick that it will not pour. Be- 
tween 428" and 572°, the colour is a red brown ; from 
572^ to theboilbgpoint it bepomea thinner, but never 
ID fluid as at 248" ; the deep red brown colour coutinueB 
till il boile- It sublimes (this term ia used to denote 
the evaporation of a solid) at 600° and condenses iulo 
the form of a powder, or, aa it is termeil, of jIoimt* 
When poured into water, io complete fusion, it be- 
Kwnes of [he conaiatency of wax, and of a red colour; 
ilni^ then be used for taking impreaaiona from en- 
Raved slonea, and hardena upon cooling. In aFrench 
jMunal we read, " though it ia well known that aul- 
phur which has been recently fiised does not immedi- 
Ueif recover its former properties, no one suspected 
that il required whole tnonths, and even a longer pe- 
riod, fiilly to restore it." 



Because it is always alightly aour. The puri^ of 
lulphur may be eatimated by gradually heating it upon 
a piece of platinum leaf; if free from earthy impuri- 
ticB, it should totally evaporate. It should also be per- 
feclly soluble in boiling oil of turpentine. 

Why is avlphwelted hydrogen of easy pro^uetion ? 

Becauae sulphur, in its ordinary atate, alwaya con- 
taina hydrogen, which it gives off'diiring the action of 
various bodies for which it hna a powerful attraction. 
Berzelius, by heating aulphur with oxide of lead, re- 
marked the formation of water, but in auch Bmall and 
indefinite quantities, as induced him to adopt the gen- 
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erally received opinioD, that the presence of bjrdi. 
is accidcQla], and tliat it ie not an elemeot of But]^ 
This illuHtratioD is quoted by Mr. firande in his vi 
able Manual, It is indeed simple and beautiful, siuoa 
the reader need not be reminded of the mady produc- 
tion of oxy^n &om heating oxide oflead, and the for- 
nution ot water by tlie combination of oxygen and 
hydrogen. 

Of all the gases, sulphuretted hydrogeo ia perhaps 
the most deleterious lo animal life. A green-fincOi 

E lunged into air which contains only I-1500th of iu vo- 
liae, perishes instonlly. A dog of middle size is de- 
stroyedinairtliat contains 1-SOOtli ; and a horse would 
fall a victim to an attuosphere containing l-350ti). 
Dr. Chaussier proves, that to kill an animal, it is suffi- 
cient to make the suljihuretced hydrogen gaa act on 
the surface of its body, when it is absorbed by the bif_ 
halanta. 

ffkt/ is sulohur uatd in Hraching^ 
Because, when burned, its Aimes combine with tfas 
oxygen of the atmosphere, and thus produce sulpimr- 
Dus acid gas. This first reddens blue coloura anfl 
then deetroys them : it is much used in whitening alk 
and straw-work. According to Pliny, it was lued in 
his time for bleaching wool. Upon some colouring 
matters, however, as that of cochineal, sulpfaurouB 
acid has scarcely any action ; and when it does destro; 
colour, the original tint may often be recovered by a 
stronger acid. A red rose, for instance, is bleached hr 
dipping into a sohilion of sulphurous acid ; but the col- 
our ia restored by immersion in diluted sulphuric acid. 
Why has a aTin a peeuiiar ttnelt after Jinne f 
Because of the sulphuret of potash formed , 
exploded sulphur ana nitre of the gunpowder. 

Wh}! u tooJer n> 
lo produce sulphiirie oi 




ulphuret of potash formed by th^^ 
ind nitre of the gunpowder. jfl^H 

utan/, uitk avlplairoul acid oxJ^^^M 

■mid'? ^^H 



le ocid gradually unites with a further 
proportion ol' oxyscu, and the compound is taken up 
by the water. When sulphur is burned in dry oiygen 
gas, there is do change of volume. Again, on the mix- 
ture or dilution ot sulphuric acid, great heat is ^ven 
out by the further admixture of oxygen. Four parla 
of BCid and one of water, produce, when suddenly 
mixed, a temperatures^SOO". According to Dr. Ure, 
the greatest heat is evolved by mixing 73 of acid nith 
27 of water. 

Sulphuric acid is also obtained without nitre, by a 
patented process invented by Mr. Hill. "Coareelj 
povrdered iron pyrites are submitted to a red best, in 
cylinders communicaliug with a leaden chamber con- 
taining water; part of the sulphur, as it biiras out of 
the pyrites, a{^)ear8 at once to pass into the state of 
Bulphuric acid." — Brande. 

Native sulphuric acid is not uncommon. In 1839, 
H. Egidi, druggist of Ascoli, witnessed in a spacious 
CBvem a violent disengagement of sulphutdc hydrogen, 
which, in contact with atmospheric air, became gradu- 
aUy decomposed, and produced water and sulphur ; the 
latter deposited on the sides of the cavern, and princi- 
pally Ibrmed sulphates of lime crystallized; and lastly, 
sulphuric acid, running down the sides of the cavern. 
Protessor Eaton describes the natural occurrence of 
Bulphuric acid in large quantities, both in a diluted 
end a concentrated state, in the town of Byron, ten 
miles south of the Erie canal. The place has been | 

known in the vicinity, for seventeen years, by the name ^^H 
of the sour springs, and consists of'^a hillock 230 feet ^^H 
long and 100 broad, of an ash-coloured alluvion, con- ^^H 
ttuning an immense quantity of exceedingly minute "^^^f 
grains of iron pyrites : it is mostly covered with a coat ^^^ 
of charred vegetable matter four or five inchea thick, 
and black aa charcoal ; the same kind of matter extends 
on all sides, from'the base of the hillock over (he 

LIts charred state is caused wholly by the ^^ 
J 



Buljihuric acid. Id wet epriug seasons, plants flow- 
emd on ihia hillock sooult Uian on Uie odjoiniag 
grounds; but aa soon 08 the spring rr' ' "" '- 

cline, then the vegetables"""' ' - — 

OB if icorched. About t 
another sulphuric acid spring, sdll moreremaritaUeiu 
one respect. The quantity of water from thie epiine 
is in sufficient qutintity to turn a Ught grist-mill ; and 
jet there is so much sulpliuric acid present in ii, that 
the Btreain will constantly redden violets, and its water 
coagulate milk. It is supposed that the sulphuric acid 
ia produced in some way by the decomposition of the 
pyrites in the soil, — SiUunatt. 

Cases of poisoning by sulphuric acid are not unfre- 
quenl; the best antidotes are copious draughts of cbalk 
Bnd water, and of carbonate of magnesia and water. — 

fVki/ M svlphuTK acid tdio railed cat qf viinoi ? 

BeilaUBe it was formerly obtained by tlie diBtillalion 
of green vilrloL It is now procured by burning a 
mixture of about S parts of sulphur, and of nitre, in 
dose leaden chambera containing water, by wbiclrthe 
fiunes produced are absorbed, and by evaporation the 
acid is procured in a more concentrated state. — Parka. 

IVhy should tulphurie acid always be kept dot^ 
slopped ? 

Because it rapidly absorbs water from the atmos- 
phere; so 111 at, in moist weather, 3 parts by wsiriil 
< .„ . :„ ^4 hours. 



Whi) is suip/airic acid imporlant in dyeitig blutf 

Because it instantly digsolves indigo, which, at fiist 

deep purple, becomes blue by exposure to air, or by 



b; which, 
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iriih water and eulpburic acid, yields phosphoric ocid ; 
[Ilia, mixed with charcoal, and distilled, yields phoa- 
phorEt of carboD) and this by re'distillation becoinea 
plKHqiboruB, Thenard is of opiDiuii that phosphorua-d 
Mimot he entirely freed fromcharcoal, a minute quan- I 
fity of which does not impair its whiteness. Does not ■ 
Hub illustrate its easy eombiistion ? 

Ur. Porkee notes that phnapboruB was accidentally 
dtKOrered at Hamburg, in 1669, by an alchemist 
Mined Brandt, in Ilia search after gold; andtwDyears 
iflervrards, one Kraft brought a small piece of phos- 
phorus to London, on purpose to show it to the king 
and queen of England. Mr. Boyle afterwords dis- 
eorered the process, which he described in the Pkilo- 
mhiail Transadioni for 1680, aniPin a little book 
which he published in the same year, entitled the 
■Send! ^oetQuca. Mr. Boyle instructed Mr. God&ey 
Bnnkwilz, of London, how to procure it (roni urine, bo 
HM he was the first who made it for sale in England ; 
4md he continued to supply all Europe with it for 
tnimf yenj^ 

ffny does f ' 

palt blue ti 



Ike doJ-lr, tniih I 



•es phoiphorta shine in 

a pale blae lighlf ^ ^^^M 

Because of its very slow combustion, which is at- ^^H 
tended by the production of acid: hence the necessity ^^^ 
of preserving it in water ; this has a luminous property ' 

when agitated. The combustion ceases in close ves- 
sels, as soon as the greater part of the oxygen has been 
aheorbed. This light ia caused by u white smoke ; but 
in air perfectly dry, phosphorus does uot smoke, be- 
<'ause the acid which is formed, and closely encases the- 
combustiblc, screens it from the atmospherical oxygeu 

In the vacuum of the air-'|»ump, phosphorus, in 
small pieces loosely enveloped in cotton, will generaUy 
inflsm'', and bum for some time, with a pale blue 
light : and, in the some circumsumces, it more readily 
kindles if sprinkled with povrdered resin or sulphur ; 

tdoea not inflame. — Brandt. ^^j 



M. Oeam has described, in tliR BtdUtin Dm wTMi, 
BerenJ new solar phosphori, wliich Hre fer more puwer- 

ful than those previoualy known. The cr— '— 

will find thein in (he Uremia '" ' 
also page 53 of the present vi 

FhoBphoresc«nt phcnuincn 
natyre. PhosphoreicenI fluor spar has lately been 
fbund in Hibt^ria and Cornwall. The luininoiMnea 
of the sua, especially in slomiy weathcrr, is supposed 
to be a phenomenon of this clnsa ; biit its cauee ia in- 
volved in too much controversy for place here : it was 
fbrmerly believed to be caused by the electrical Sielion 
of the waves, which explanation is no longer admit- 
ted. Humboldt attributes it to certain sbiniiiK ntd- 
lu8C4e, which effut light at plettaure, and to toe de- 
composed parts of dead meduste, &&* We haM 
etsewhere cursorUy noticed the properties of certi^ 
phosphorescent bodies. {See p. S3.) 

Plioephoretted hydrofcen may be employed in Bome 
eimple experiments. Thus, when bubbles of it an 
SMt up into a jor of oxygen, they bum with muok 
splendour: in chlorine, also, they bum with a beudi- 
ful pale blue hght. 

fFhy are briTnttone matckei laed in photphoru: fitr- 

Bncauae the sulphur of the match readily eombinea 
with the phosphorus in the bottle, by friction ag^nst 
cork or wood, and inflames: indeed, phosphorus and 
sulphur combined are more inflammable than phos- 
.phorua. 

Why it il diffkiiU to ligM paper by (Ae Jlame of phot- 
phrmtif 

Because the paper becomes covered and protected 
by the acid formed by the combustion of the phospbo- 






FOPtTLAR CHEMIBTRT. IS? 

Wlien perfecdy dry, phosphorus inflames at ^ 
temperature of 60^. 

ffhy is ike phenomenon caUed ^fViU-o^-fhe-Wisp^ 
•^roducedf 

Because of thephosphuretted hydrogen gas in stag- 
nant waters and marshy groundls; its origin being 
probably in the decomposition of animal substances. 
llie peculiar odour of fishes, when putrifying, arises 
firom the emission of this gas. 

COAL GAS. 

Why does eoaXy subjected in close vessels to a red heatj 
produce gas^ 

Because the carbon and bitumen, of which the coal 
conaists, thus become volatilized ; and hydrogen, hold- 
ing carbon in solution, is the result : this gas, combining 
with the oxygen of the atmosphere, produces combus- 
tion and flame. These gaseous products contain also 
more or less sulphuretted hydrogen, and carbonic oxide 
and acid. Dr. Henry conceives that gas to have thb 
greatest illuminating power, which, in a given volume, 
consumes the largest quantity of oxygen. 

Dr. Clapton seems to have been the first who per- 
formed this experiment, with the view of artificial illu- 
mination ; though its application to economical pur- 
poses was unaccountably neglected for about sixty 
years. At length, Mr. Murdoch, of the Soho Foundry, 
instituted a series of judicious experiments on the ex- 
trication of gas fi*om the ignited coal ; and succeeded 
in establishing one of the most capital improvements 
which the arts of life have ever derived firom philoso- 
phical research and sagacity. — Ure. 

The coal is placed in oblong cast-iron cylinders or 
retorts, which are ranged in fiirnaces, to keep them at 
a red heat, and all the volatile products are conveyed 
by a common tube into a condensing vessel, kept cold 
Inf immersion in water ; and in which, the water, tar, 



pitch, ammonlacot ami other ponden 
retainetl. — Brandt. 

Tha production of liydrogen gas in a tobaccc , . 
by fillin g the bowl with powdered coai, thep luting il 
over, and placing it in e. fire, — is welt known ; but evea 
more familiar are llie alternate bursting out and ex- 
tinction of those burning jelB of pitchy vapour, which, 
as Dr. Amott apdy observes, " contribute to render ■ 
conimoD fire an object bo lively, and of euch agreeable 
contemplation in the winter evenings." 

Why was gas adopted in cotton-mUU soon q/ter iU 
Mitmilian! 

Because of the peculiar softness, clearness, and un- 
varying intensity of its light. Its being free from the 
inconvenience and danger resulting from the sparki 
and frequent snuffing of cMuidles, is a circumstance of 
material importance, tending to diminish the hazard 
of fire, and lessuning the high insurance premium <m 

Mr. Brande illustrates the economy of gas illumina- 
tion, by examining the value of the products of distil- 
luion of a chaldron of coats, the average cost of which 
may he considered as £3. It should afford 



The history end economy of gas-lighting have been 
copiously illustrated in several volumes exdunve^ 
devoted to the subject ; as well as by the experimrait- 
ing skill of some eminent chemists, as Messrs. Henry, 
Brande, Ure, Accum, and others. From one of these 
works, aided by the Reports of tlic late Sir William 
Congreve, we learn that in the year 1814 there was 
only one gasometer in Peter-street, Westniinsler, of 
14,000 cubic feet, belonging to the Chartered G«s 
I'ight Company, dien the only company estahliahed in 



Liondou. Id 1837 tliere were four great compsuieB, 
having, alioeettierigusomeibrs at woric <:apable of cob- 
tainiiig in use whole 917,040 cubic feet of gas, sup- 
plied by 1,315 retorts, oud thcBS coQBUmiiig 33,000 
chaldroDS of cool in the year, producing 41,000 chal- 
drons of coke ; the whole quantity of gas generated 
annually being upwards of ^7,000,000 cubic feet ; by 
which 61,303 private, and 7,268 public or street, lanipa 
■re lighted, in tlie inetropoUa. In addition to these 
great companies, there were several private eatablish' 
tnente, whoso operations are uot included in the fore- 
eoiug siatemeDle ; for, it ap[)eerB that where more than 
fifty lights are rmiuired, a coal-gas ap|iaratua will be 
found proHtable. Thus, the ^ for the office of the 
JfforaingChronicte newspaper la made on the preruisea. 

According to Mr. Murdoch's statcnieut, presented to 
the Koyal Socie^, 2,500 feet of gas were generated 
from 7 cwL= 784 lb. of cannel cml. This is nearly 
3i cubic feet for every pound of coal, and indicates 
judicious management. The price of the best Wigan 
cannel is i3^d. per cwt. delivered at Mancbesler; or 
about Ss. for the 7 cwt. About one-third of tiie abova 
quantity of good comrnon coal, at 10s. per ton, is re- 
quired for fuel to heat the retorts. Nearly two-thirds 
of the weight of the c^a] remain in the retort, in the 
form of poko, which is sold on the sjiot at Is. id. per 
cwt. The quantity of tar produced from each ton of 
caimel coal, is from 11 to IS ale ^Inna. This tar is 
now extensirely used os paint for out-buildingB, &c, i 
end the ninmoniaciil liquor, also a result of the prDceBB, 
is turned to still more advantageous account, in the 
manufacture of carbonale of ammonia ; {see p. 119} k> 
that nothing ia lost. 

ff% u it necessarg thai the cylinders or rtlorls thtmld 

Because the gas may be produced instantly the coals 

are introduced. If, on the other hand, coal be put 

^■lo a coal retort, and slowly exposed to heat, its bitU' 




:9 merely volatilized, In ihe elate of condensaMB 
tar. Little cas, and ilial oC inferior illuminaliiig pomr, 
is then producetl. 

fPkg doa coke bum loithout smoke f 

Because it is tlie distiEled coal remuning in Ihe re- 
lorls after the above process, and is consequently freed 
&t>m a]l gases and vapours. Dr. Amotl observes, that 
"a pouQil of coke prodnces nearly as much host as »- 
pound of coal ; but we must remember that a pound 
of eoal gives only three-quarters of a pound of coke, 
although llie latter is more bulky than the former." 

ffTiy an Ihe gaseous products passed throtigh quidt- 
lime and woftr ? 

Because ihe sulphuretted hydrogen, and carbome 
oside and acid, may thus be aliorhed ; while the car- 
buretled hydrogen gases are transmitted sufSciend; 
pure for use into gasometers, whence the pipes issue 
- ror the supply of streets, houses, &c. 

Wlof is a gasometer so called? 

Because it enables the manufacturers ofgaa lo mett, 
or measure, with accuracy, the quantity of gap ex- 
pended, in proportion to the number of jets or ournMB 
made use of. The essentinl conditions of any appais- 
tUH for this purpose, are, tliai Ihe pressure on the gBB, 
while passing through the measurer, shall at all dmaa 
be uniform : and ihat it shall register truly when that 
preagure ia very smi^l, and when the current of gaa is 
verv feeble. 

The gas is conveyed or laid on to the premises of the 
consumera, by pipes called mairu, whicli, in London, 
in the year 1634, extended fMO miles. Otiier methods, 
have, however, been odopied for its conveyance ; tad,, 
in 1827, ilierc was at Manchester an itinerant gaso- 
meter, capable of holding more than 1000 cuUc feet 
of gas; this being mounted upon wheels, and Med 
with eas from the gnaometer at the works, was trans- 
ported about the streets of Manchester, and delivefMl 
mto the gas-holdfrs of the Cnrnpony's e«i 




tVhy u U imporianl that 1^ holts in Oil gai-bur 
kt Tiot too laree 7 

Because, if this point he not attended to, the eas wiD. 
be incompletely burnt.' Increaaed length of flame 
makes imperfect combustion, and diminished iutensi^ 
of light. 

llr. Accum gives the foUowing interesltuc sCateraent 
of gas-bumeis. " An argand burner, which measures 
in the upper rim half an inch in diameter between the 
holes from which the gas issues, when furnished with 
fiTe apertures, l^^th part of an inch in diameter, coa- 
sumea two cubic feet of gas in tui hour, -when the esB 
flame is Ijl inch high. The illuminating power ofuda 
burner is oqua) to tliree tallow candlea, eight in the 
pound. An nrgand burner, three- tburti is of an inch 
m dismnter, as aborc, and perforated with holes l-30th 
qF an inch in diameter (probably fifteen in niunber) 
consumes three cubic feet of gas in an hour, when the 
flame is 3j inches high ; giving (he light of tour can- 
dles, eigiit to the pound. And an argand burner, 
!)evea-eighths of au mch diameter, as above, perforated 
with eigntecQ holes, l-3and of an inch diameter, con- 
sumes, when (ho flame is three inches high, four cubic 
feot of gas per hour, producing the li^ht of six tallow 
candles, eidit to the pound. The height of tbe glasa 
dunutey ahould never be less than five inches. 

Why it cannd tool best adapted for diglUlrdioni 

Be^se it contains most bitumen, and least sulphur. 
A pound of good cannel coal, properly treated in a 
mwll apparatus will yield five cubic feet of gae ; equi- 
valent in illuminating power to a mould candle, mx 
in the pound. On a great scale, however, 3^ cubic 
tbBt of^good gas are allthat should be eipected from 
one pound of coal. A gasjei, which consumes half a 
cubic foot per hour, affords a steady light equal to ihot 
ftf the above candle. 

ffTuf doa carbureUtd hydrogen give oui, duHtv {tl 
~ ' '■ 1, mveh more l-ight than the tiibcarbtirettein J 



Because of tlie larger quantity of carbon disenmged 
by the former; but if ihe mixture with oxygBu be in 
such proportious as ai once to bum the whole of the 
cbitrcoul m its gnaeoua combluatioDS, without prcTioua 
deposition, the light boconies blue, and is gi^lly re- 
duced in iutcDBiiy. 

my w the fame of a candle of various colours f 

Because of the different stages of combuBlion in it 
Thu^ at the bottom part, where llie inllsmmt^le gases 
are given off in the amajipst quantity, and where ihoy 
are most intimately mixed with thR air, the combus- 
tion is at Dttce complete, and the light is blue and Aint; 
the centre part, where the particles of charcoal, owing 
to a less admistiu^ of oCTgen, are thrown off in a solid 
state, and become incand^eent before they are finally 
burnt, is white and highly brilliant; and the upper, 
where Ihe charcoal is in still greater quantity, and 
much of it finally escapes comhuslion, is red and dull, 
as is seen when a candle requires snuffins'. 

Dr. Ure, a few years since, made a set of ex|ieriinenn 
on the relative intensities of light, and duration of di& 
ferent candles, the result of which is contained in tbs 
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Why do those fames, tehose products we onlygainsu 
mailer, give verj) liitle light ? 

Because the quantity of light which flame emits is 
dependent upon the incandescence of minute particles 
of solid matter, which are thrown off during combuft- 
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lion. The lieLt of a etre^nm of i^lted hydrogen u 
scarcely visible in llje day-light ; but if a smaU coiPof 
platinum wire be suspended iu it, or Bonie solid body, 
m vciy fine powder, such as the oxide of zinc, be pro-' 
jecied through it, it becomes very ImuinouB. 



Why it o3 ga> cheaper than cotd gat 

Because purified coal gas seldom conti 
40 per cent, in volume of olefiant gas, while oil gna 
generally affords about 75 per cent. : hence its superi- 
ority for burning, and the relatively small quanti^ 
conBumed. Thus oil, by being allowed to trickle into 
■ redhot retort, half filled witli coke or pieces of bric^ 
to increase the heated eurfaco, is decomposed, and 
yields a large quantity of gas, which is much richer in 
carburelted hydrogen than cool gas, and therefiire 
much better fitted uir Ihe purposes of illuminatioQ. Il 
contains no mixture of sulphuretted hydrogen, and re- 
qstrea no other purification than passing through a re~ 
fiigerator ; and as less of it is r^uired tor any given 
quantity of light, the atmosphere of a room is less heati ' 
and contaminated by its combustion. It is, howevi ,. 
considerably more expensive than the gas &om coal] 
althou^ the first outlay of capital fi)r a manuikctory 
upon a large scale is less, on account of the smaller 
size of the necessary pipes and apparatus. The com- 
monest whale oil, or even pil chord-dregs, quite unfit 
Ga burning in the usual way, afiTurd abundance of ex- 
cellent gofl. A gallon of whale oil aflfDrds about 90 
cubical feet of gas, of an average specific gravity of 
0.900 ; and an argand burner, equal to seven candles, 
consumes a cubical foot and a hijf per hour. Its eco- 
tmnf may be judged from the following table 

Aigmil batnet, oil gu, per hour M. 

Acginil lampa, ipennautl oil M. 

Wu uiidin il. M. 
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Mr. Brande luids, rtint a pint of the best sperm oiL 
weighing about 13 ounces, buroa, in a well trinimed 
argatid, about ten hours. And liy a aeriraofexperi- 
meuis, conducted «-itli every requisite caution, he 
found, that to produce the ligbt of lea wax candles for 
one hour, there were required — 
9809 euliiol incliei of pun euliiirellcil lydrogen, or ciieflinl gn. 

Why it oil tisrd by the Portabtt Gtu Company^ 
Because they are enabled to compreas the easeous 
matter obtained fl^in oil to about onti-ihirtieto of its 
volume, or into a certain new liquid compound, colour- 
tesa or opalescent, yellow by trausmilted, green by re- 
flected light ; and combustible, burning with a dense 
flame. Hence its portabUity. When the bottle coq- 
taiuing it is opened, evaporation takes place from the 
surface of Che liquid ;but this vapour soon ceaaea, and 
the remainder ia comparatively tixed. 

Why xa gaa from wood b\U ill wbi^ttd for Ubtmitut- 

Because it is so deficient in the compounds of car- 
bon and hydrogen. In manufectoriea, however, of 
charcoal in iron retorts, lor tlie niaklng of gunpowd^ 
the gaa which is given off is led by a pipe under the 
cylinders, and is economically employed in maintajn- 
iDg their heat. 

Why is rosin gat euen mare advantageous than oUgas ) 
Because rosin is of lower price, and less liable to 
fluctualionsof value, than nil : indeed, the cost of the 
gae is stated at one-fourth that of oil ; and the illiunt- 
QHting power of rosin gas, when compared with that 
from cool, ia as two and a half to one, while it is of 
greater purity than that from coal or oil. 

For the origin of tliis improvement we are lodebted 
to Mr- J. F. Daniell, the distinguished meteorologist: 
his mode of treating tlje rosin is, to dissolve by gentle 
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It about 8 lbs. in n gallon of the essentia] oil, which 
SplentifiiUy formed miring the compoeilion of oil for 
making gas, or of rosin itself. This solution was al- 
lovied to trickle into tbe heated retort half filled with 
coke : thus, from 1000 to 1200 cubit feet of gas are 
oblaiued from 1 cwt. of rosin, and rather more than 
the original quantity of volatile oil is coDdeaeed, which 
is again employed for the solution. Mr. Daniell [>a- 
tetited this meaus about three years since, and an ap- 
P8rstiis,nD the plan has been erected by M. Martuieau 
for the London luMitulion. 

The burners consume about 1000 cubit feet of gas 
per day, obtained by 100 lb8.of common rosin, at about 
6»., dropped with oil of lurjientine on healed iron 
cylinders, in the proportion or 10 gallons of turpentine 
to 100 Ihs. roaui ; but the coat of the turpentine is not 
included in the Ca,, as tJie same oil maylje used over 
and over again, for any Icngtli of time. 

Mr. Brande thus illustrates the advaniagea of ro^ 
gas: — "The sources of supply are as inexhaustible, 
and tnore generally distributed, than those of the coal; 
and the forests of America, France, Spain, and Italy, 
yield the liirpentine in quantities only limited by the 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, hare at- 
reader adopted the use of this gas. The elegance and 
simplicity of the manufacture, and the comparatively 
small capital required for the erection of the work^ 
mill also give it the preference iu the creation of new 
estabi ish t nen ts. " 

Returning to the comparative value of different 
bydro-carbu retted gases, for the purpose of illumina- 
tion, it seems evident, from Dr. Henry's experience, 
ihal, whatever be their source or composition, it may 
be most accurately determined by the quantity of oxy- 
gen required to saturate equal volumes. In other 
'», quotes Mr. Brande, the illuniinatiDg powen of 
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the different gBSHS will lie proponioiied to the k 
of volumes of the gaseous cariion condensed ir 
volunieof the rss; Hnd of these, the oxyse 
ed, and the carbonic acid pn>duced,afibrd a 



Why if hydrocxiardc acid so caiUd ? 

Because it conBists of hydrogen, and a gaseous can- 
pound, cyanogen, bo styled by M. Gay Lueeac, becHUM 
It in the principle which generates blue, frttm mo 
Greek words, dgni^ing the blue-maker: or it ma; be 
obtained by means of PnisaiaD blue ; whence it is also 
called pnitiie acid. The acid thus obtained, bss a 
strong pungent odour, ver3' like that of bitter ahnood ; 
it9 taste la acrid, and it ia highly poisonous, ho that tbe 
inhalation of its vapour should be avoided. It volati- 
lizes so rapidly as to freeze itself 

From the experimeots of M. Majendie, it appears, 
that the pure hydrocyanic acid ia the moat violent of 
all poiaonf^ When a rod dipped into It is brought in 
contact with the tongue of nil animal, death enaues 
before the rod can be withdrawn. If a bird be held a 
moment over the mouth of a pliial containing this add, 
it dies. In the Ainalea dc CIdmie for 1814, we find 
this notice ; M. B., Profeasor of Chemiairy, left by ac- 
cident imon a table, a flask containing alcohol im- 
pregnated with pruMsic acid ; the servant, enticed hy 
the agreeable flavour of the hquid, swallowed a shibQ 
glass of it In two minulea, she topped dovm dead, 
aa if struck with apoplexy. 

Hydrocyanic acid may generally be detected by its 
very peculiar odour. Scheele supplies this test : to die 
suspected liquid add a aolution of green vitriol or cop- 
peras, and afterwards drop in pure potassa in sli^ 
excess, and after a short exposure to the air, redisBoTve 
the precipitate in muriatic acid. If hydrocyaiiic acid 
be present, the tint of prusaiaa blue will appear. Py 
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diifl means one ten-thousandth part of the acid may be 
detected in water. Another test, in which copper is 
uaed, will, however, detect one twenty-thousandth of 
the acid in water. We must render the liquid con- 
taining the hydrocyanic acid slightly alkaline with 
potash, add a few drops of sulphate of copper, and af- 
terwards sufficient muriatic acid to redissolve the ex- 
cess of oxide of copper. The liquid will appear more 
or less milky, according to the quantity of hydrocyanic 
acid present. M. Orfila recommends nitrate of silver 
as a test, by which the acid will be precipitated in the 
ifinm of cyanure of silver. 

PROPERTIES OF METALS. 

Why did the ancients designate the seven metals 
known to them by the names of the planets9 

Because they were supposed to have some hidden 
reladon : each being denoted by a particular symbol, 
representing both the planet and the metal. 

Gold . , . was the ... . Sun. 

Silver Moon. 

Mercury Mercury. ^ 

Copper Venus. 

Iron Mars. 

Tin Jupiter. 

Lead Saturn. 

Why are somje metals called native 9 

Because they occur pure or alloyed, and have but a 

feeble attraction for oxygen ; such as platinum, gold, 

^ver, mercury, and copper. Metals are also found 

combined with simple supporters of combustion ; the 

chief of these are metallic oxides. Metals combined 

with simple inflammables, include native metallic sul- 

^ phurets. Metals in combination with acids, include 

. metallic salts. — Abridged from Brande, 

Why are some metals called native alloys 9 
Because they are found combined with other metals. 

Why are metals refined by fire ^ 

Because advantage is taken of some property in 



whicb the metal o|>erated ufion may difier from thow 
ivitli wkidi it is alloyed, or from whioh it is desired to 
sepnraie il, Tlieee diftereiicea mayconaist of the ftcir 
lity or difficulty of oxidation ; in their lenrfeucy to w>- 
luiiizo; in the teinp«^Iure requited for fueion, and 
ill tbcir relative specific graTitieB< 

Metals, when exposed lo the oution of oxygen, chlo- 
rine, or iodine, at an elevated temperature, geDerallf 
take fire, and, combining with one or other of these 
three eleiRentary dissolvents, in definite proportioni^ 
arc converted into earthy or saUiie-lookiu^; bodies, 
devoid of metallic lustre and ductility, called oxidn, 
chlorides, or iodides. 

Why have the melaia, at a tlass, a pemiiar lualnl 
Because of their greet power of reflecting ligh^ in 
consequence of their opacity. Mr. Brande observes: 
■'their opacity ia such, tliat, when extended into the 
thinnest pos^ble leaves, they transmit no Ught; silvo'- 
leaf, only one hundred-thousand tb of an inch in thick- 
ness, is perfectly opaque. Gold is periiapa the only 
exception, which, when beaten out into leaves one 
two-hundred-ihoueandth of an incli in thicknesa, Irana- 
mils green rays of light." 

tPh.!/ are the poUsked metda ptcvliarli/ jU for bum- 

Becauso they are very imperfect radiotora and re- 
ceivers of heat, but excellent reflectors both of li^il 
and heat. 



Wky i» polastium not found in an usieotiAined ataUf 

Because of its great affinity for oxygen. AH Aat 

has liilherto Iteen c>blained has been procured by cb»- 

' miral means from the potash of commerce. 

^M Why did Sir H. Dairy discover poUuiiian b^ ttt 

^H "gf'iy of Voltaii: eledrici^ upon pure potash f. 
^H^ Becauae be was thus enabled to detach the oxyg 
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bflrying the lustre and outward characters of quick- 
silver. 

Why is pokusium impcrtunt to the philosophical che- 

Because it is capable of detecting and separating 
oxygen wherever it may exist, and however intimate 
ana energetic may be the nature of its combinations. 
By its means water may be detached from the most 
highly rectified alcohol and ether ; and, by its decom- 
position, hydrogen gas will be evolved. Potassium 
also combines with phosphorus, sulphur, and hydro- 
gen ; it forms metallic alloys with gold, silver, mercu- 
ry, and some other metals ; at a red heat it will de- 
compose glass ; and is even capable of reducing all the 
metallic oxides. — Parkes, 

Potassium was discovered in 1807, by Sir Humphry 
Davy: he obtained it by submitting caustic potassa, 
or potash, to the action of Voltaic electricity ; the metal 
was slowly evolved at the negative pole. Gay Lussac, 
and Th^nard, first procured it by heating iron turnings 
to whiteness in a curved gun-lmrrel, and melting pot- 
ash to come in contact with the turnings, when, air 
being excluded, potassium was formed, and collected 
in the cool part of the tube. 

Hliy does potassium hum with a heautifvl flame on 
toater? 

Because the potassium decomposes the water and 
absorbs the oxygen, while the hydrogen of the water 
escapes and takes fire by the heat which the rapidity 
of the action produces. 

ffhy does sulphuric acid, when dropped on chlorate 
{^potassa, cause it to ignited 

Because of the evolution of oxide of chlorine. A 
mixture of sulphuret of antimony, and the salt sud- 
denly deflagrates with a bright puff of flame and 
smoke. Matches tipped with this inflammable mix- 
ture are now in common use, and are inflamed by 
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contact with asbestos saturated with sulphuric acid. 
Berzellus gives the following as the best composition 
for the matches : 30 parts powdered chlorate of potas- 
sa, 10 of powdered sulphur, 8 of sugar, 5 of gum ara- 
bic, and a little cinnabar. The sugar, gum, and salt, 
are first rubbed together into a paste with water ; the 
sulphur is then added, and the whole being thoroughly 
beaten together, small brimstone matches are dipped 
in, so as to retain a thin coat of the mixture upon their 
sulphuretted points. A similar compound is employ- 
ed in percussion gun-locks : gunpowder, made into a 
paste with water and chlorate of potash, is dropped in 
small copper caps adapted to the tubular touch-hole of 
the gun, when a blow inflames the powder, and com- 
municates to that in the barrel. Fulminating mercuiy 
is, however, now substituted for this composition, 
which is found to rust the touch-hole. 

J^oU to " Steam," pa^t 113. 

In the whole range of English literature, perhaps there is nothing 
more carious than the following prophecy respecting Steam, in Dr. 
Darwin's Botanic Qarden^ published in 1789, but written, it is well 
known, at least twenty years before the date of its publication : 

Soon shall thy arm, unconquer'd steam, afar 

Drag the slow barge, or drive the rapid car ; 

Or on wide waving wings expanded bear 

The flying chariot through the fields of air. 

Faircrewi triumphant leaning from above 

Shall wave their fluttering 'kerchiefs as they move ; 

Or warrior bands alarm the gaping crowd, 

And armies shrink beneath the shadowy cloud : 

So mighty Hercules o'er many a clime 

Waved his huge mace in virtue's cause sublime ; 

Unmeasured strength with early art combined. 

Awed, served, protected, and amazed mankind. 
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Why art certain tfuihs termed physical ? 

Because they estplsun the greater part of the phe- 
nomena of nature, the term t)hysical being derived 
from the Greek word signifymg nature; an appella- 
tion distmguishmg them fi*om chemical truths, which 
regard particular substances, and from vital truths, 
which have relation only to living bodies. — AmoU, 

Why is an atom so caUed^ 

Because of its origin from a Greek word signifying 
that which cannot he farther divided; or, an exceed- 
ingly minute resisting particle. 

Why is the term attraction usedf 

Because the atoms of which the visible universe is 
built up, whether separate, or already joined into 
masses, tend towards all other masses, with force pro- 
portioned to their proximity: as, when any body 
presses or falls towards the great mass of die earth, 
or when the tides on the earth rise towards the moon. 

Why is the term repulsion used 9 

Because, under certain known circumstances, as of 
heat diffused among the particles, their mutual attrac- 
tion is countervailed or resisted, and they tend to 
separate with force proportioned to their proximity : 
as, when heated water bursts into steam, or when 
gunpowder explodes. 

B tj 
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Why is the term inertia usedf 

Because it denotes that the atoms, in regard to 
motion, have about them what may be figuratively 
called a sttibhomncss^ tending always to keep them in 
their existing state, whatever it may be; in other 
words, that bodies neither acquire motion, nor lose 
motion, nor bend their course in motion, but in exact 
accordance to some force applied. 

This, and the three I)receding definitions, are de- 
rived from the Synopsis of Dr. Amott's valuable 
Elements of Physics, Part I. third edit. 1828 ; the 
author pertinently observing, that ** a person compre- 
hending fully the import of these four words, tUom, 
attraction, repxdsion, inertia, may predict or anticipate 
correctly, very many of the facts and phenomena 
which the extended experience of a life can display to 

Why are not m^en sensible of the rapid motion of the 
earth? 

Because all things move at the same rate. What- 
ever common motions objects may have, it does not in- 
terfere with the effect of a force producing any new 
relative motion among them. All die motions seen 
on earth are really onl^ slight differences among the 
common motions : as, m a fleet of sailing ships, the 
apparent changes of place among them are, in tnith, 
only slight alterations of speed or direction in their 
individual courses. 

Why does a spire or obelisk stand more secwrdy on 
the earth, than a piUar stands on the bottom of a nunnng^ 
wagon 9 

Because the motion of the earth is uniform, and not 
that the earth is more at rest than the wagon. Were 
the present rotation of our globe to be arrested but for 
a moment, imperial London, with its thousand spires 
and turrets, would be swept from its valley towards 
the eastern ocean, just as loose snow is swept away by 
a gust ofynnd^^imotL 
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ffhy does a ball, let drop from the hand, faU with 
greater velocity the nearer it approaches the earths 

Because, owing to the inertia of matter, any force 
continuing to act on a mass which is free to obey it, 
produces in the mass a quickening or accelerated 
motion ; for, as the motion given in tlie first instant, 
continues afterwards without any farther force, mere- 
ly on account of the inertia, it follows that as much 
more motion is added during the second instant, and 
as much again during the third, and so on. A falling 
body, therefore, under the*influence of attraction, is, 
as it were, a reservoir, receiving every instant fresh 
velocity and momentum (or quantity of motion). The 
height of a precipice, or the depth of a well, may be 
judged of with considerable accuracy, by marking the 
time required for a body to fall through the space. 
A body falls four times as far in two seconds as in one, 
althou^ the velocity, at the end of two seconds, is 
only doubled. — ArruM, 

A body fiJls by gravity precisely 16 1-16 feet in a se- 
cond, and the velocity increases according to the 
squares of the time: m. 

In i "' (quarter of a second] a body falls 1 foot. 
^ '' (half a second) ditto 4 

1 second ditto 16 

2 ditto . ditto 64 

3 ditto diUo 144 

The power of gravity at two miles distance from the 
earth, is four time9 less than at one mile ; at three 
miles, nine times less ; and so on. It goes on lessen- 
ing, but is never destroyed. 

Meteoric atones, falling from great heiffhts, bury 
themselves deep in the es^, by the force of their gra- 
dually acquired velocity. 

Why are we said to huno of nothing which is absolute* 
fyatrest^ 
Because the earth is whirBng round its axis, and 

Bd 
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round the sun ; the sun is moving round his axis, and 
round the centre of gravity of the solar system ; and, 
doubtless, round some more remote centre in the sreat 
universe, carrying all his planets and comets wout 
his path. 

One of the grand laws of nature is, that all, bodies 
persevere in their present state, whether of motion or 
rest, unless disturbed by some foreign power. Motion, 
therefore, once begun, would be contmued for ever, 
were it to meet with no interruption from external 
causes, such as the power ^f gravity, the resistance of 
the medium, &c. 

Dr. Amott adduces several familiar illustrations of 
motions and forces. Thus, all falling and pressing 
bodies exhibit attraction in its simplest form. Repv£* 
sion is instanced in explosion, steam, the action of 
springs, &c. Explosion of gunpowder is repulsion 
among the particles when assuming the form of air. 
Steam, by the repulsion among its particles, moves the 
piston of the steam-engine. All elasticity, as seen in 
springs, collision, &c. belongs chiefly to repulsion. 
A spring is often, as it were, a reservoir of force, kept 
ready charged for a purpose ; as when a gun-lock is 
cocked, a watch wound up, &c. 

Why does a billiard ball stop when it strikes direcUy 
another ball of equal size, ana the second baU proceed 
with the tuhole velocity which the first had ? 

Because the action v\^hich imparts the new motion 
is equal to the reaction which destroys the old. Al- 
though the transference of motidb, in such a case, 
seems to be instantaneous, the change is really pro- 
gressive, and is as follows : The approaching ball, at 
a certain point of time, has just given half of its mo- 
tion to the other equal ball ; and if both were of soft 
clay, they would then proceed together with half the 
ofiginal velocity ; but, as they are elastic, the touching 
parts at the moment supposed, are compressed like a 
spring between the balls; and by their expanding. 
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and exerting force equally both ways, they double the 
Telocity of the foremost ball, and destroy altogether 
the motion in the other. 

JFhy is Ihe uniformity of motion essential to rcAiowd 
eome^ure or anttdvaUon as to future events 9 

Because, it is oy assuming, for instance, that the 
earth will continue to turn uniformly on its axis, that 
we qpeak of Uhmorrotc and of next week, &c. and that 
we make all arrangements for future emergencies: 
and were the coming day or season, or year, to arrive 
sooner or later than such anticipation, it would throw 
fiuch confusion into all our alSairs that the world would 
soon be desolate. 

To calculate futurities, then, (observes Dr. Amott) 
or, to speak of past events^ is merely to take some 
great uniform motion as a standard with which to 
compare all others ; and then to say of the remote 
event, that it coincided, or will- coincide, with some 
described state of the standard motion. The most 
obvious and best standards are the whirling of the 
earth about its axis, and its great revolution round the 
«un. The first is rendered very sensible to man by 
bis alternately seeing and not seeing the 'sun, and it is 
called a day ; the second is marked by the succession 
of the seasons, and if is called a year. The earth 
turns upon its axis about 365 times vvhile it is perform- 
ing one circuit round the sun, and thus it divides the 
year into so many smaller parts ; and the day is divi- 
ded into smaller parts, by the progress of the earth's 
wfairhng being so distinctly marked, in the constantly- 
YSfying directions of the sun, as viewed from any 
given spot on the face of the earth. When advancing 
cmlisation made it of importance to man to be able 
to ascertain with precision the very instant of the 
earth's revolution, connected with any event, various 
coDtrivances were introduced for the purpose. Such 
hare been sun-dials, where the shadow travels pro- 
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greflrively round the divided circle ; the uniform flux 
of water through a prepared opening ; the flux of 
sand in a common hour-glass, &c. But the very tri- 
umphs of modem ingenuity and art are those astro- 
nomical clocks and watches, in which the counted 
equal vibrations of a pendulum, or balance-wheel, 
have detected periodical inequalities even in the 
motion of the earth itself, and have directed attention 
to unsuspected disturbing causes, important to be 
known. 

Whyy when a body is carried beloio {he swrface of Hkt 
earthy does its weight become lessf 

Because the matter then above it is drawing it up, 
instead of down, as before. A descent of a few hun- 
dred feet makes a sensible difference, and at the centre 
of the earth, if man could reach it, he would find things 
to have no weight at all ; and there would be neither 
up nor down, because bodies would be equally at- 
tracted in all directions. — AmoU, 

Why is a horseman standing on the saddle enabled to 
leap over a garter extended over the h^rse, (the horse 
passing under, the garter j) and to light upon the saddle at 
the opposite side 9 

Because, the exertion of the performer, in this case, 
is not that which he would use were he to leap from 
the ground over a garter at the same height In the 
latter case, he would make an exertion to rise, and at 
the same time, to project his body forward. In the 
case, however, of the jfiorseman, he merely makes that 
exertion which is necessary to rise directly upwards to 
a sufficient height to cldar the garter. The motion 
which he has in common with the horse, compounded 
with the elevation acquired by his muscular power, 
accomplishes the leap. 

Why does a loalking stick help a man on a jovmevf 

Because he pushes against the ground with the 

stick, which may be considered as compressing a spring 
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between the earth and the end of his stick, which 
mimg is therefore pushing up as much as he pushes 
■down ; and if) at the time, he were balanced in the 
scales of a weighing beam, he would find that he 
weighed just as much less as he were pressing with 
his stick. 

Why does a person wishing to leap over a ditch or 
chjosnty make a run first ? 

Because the motion thereby acquired may help 
hira over. A standing leap falls much «hort of a 
running one. 

These facts -also illustrate the same principle: — 
From a glass of water suddenly pushed forward on a 
table, the water is spilt or left behind, but if the glass 
be already in motion, as when carried by a person 
walking, and if it be then suddenly stopped by coming 
against an impediment, the water is thrown or spilt 
forward. Again, the actions of beating a coat or 
carpet with a cane to expel the dust ; of shaking the 
snow from one's shoes by kicking against the door- 
post; of knocking a dusty book against a table, or 
shutting it violently. 

Why is a man jumping from a carriage at speedy in 
great danger offaUing, qfier his feet reach the ground ? 

Because his body has as mucn forward Velocity, as 
if he had been running with the speed of the carriage ; 
and unless he advance his feet as in running, he must 
as certainly be dashed to the ground, as a runner whose 
feet are suddenly arrested.— ^imott. 

Wku unU the recoil of a fowling-piece hurt the 
shoulder, if the piece he not hdd close to it 7 

Because the piece recoils with as much motion oi^ 
momentum in it as the ball has ; but the momentum 
in the gun being diffused through a greater mass^ 
the velocity is small, and easily checked. 

Why does a sky-rocket ascend'? 

Because, afler it is lighted, the lower part is always 
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producing a large quantity of aeriform fluid, which^ 
in expan£ng, presses not only on the air below, but 
aiso on the rocket above, and thus lifls it. The ascent 
is aided also by the recoil of the rocket from the part 
of its substance, which is constantly being shot down- 
wards. — Amott. 

Why does a hare, though much less fleet than a gre^ 
houndy often escape it 9 

Because the greyhound is, with the hare, a compara- 
tively heavy body, moving at the same or greater speed 
in pursuit. The hare doiwles, that is, suddenly changes 
the direction of her course, and turns back at an ob- 
lique angle with the direction in which she had been 
running. The greyhound, unable to resist the ten- 
dency of its body to persevere in the rapid motion it 
had acquired, is urged forward many yards before it 
is able to check its speed and return to the pursuit. 
Meanwhile the ha^ is gaining ground in the other 
direction, so that the animals are at a very con- 
siderable distance asunder when th^ pursuit is recom- 
menced. 

fVhy are a large and smaU ship sometimes seen sailing 
tmih me same veloci^f 

Because the surface of canvass or sail which they 
spread to catch the force of the vnnd, is proportioned 
to the difference of resistance which the water offers to 
the two. 

ffhy are ships so often destroyed hy running ftnd of 
each other at sea ? 

Because when two bodies moving in opposite direc- 
tions meet, each body sustains as great a shock as if^ 
being at rest, it had been struck by the other body 
with the united forces of the two. Thus, if two ships 
of 500 tons burden encounter each other, sailing at 
ten knots an hour, each sustains the shock, which, 
being at rest, it would receive from a vessel of ^1000 
tons burden, sailing ten knots an hour* 
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Why art carriages often overiumed in quicldy round-' 
i^jgcomers ? 

^Because the inertia carries the body of tlie vehicle 
in the former direction, while the wheels are suddenly 
pulled round by the horses into a new one. A loaded 
stage-coach running south, and suddenly turned to 
the east or west, strews its passengers on the south 
side of the road. Where a sharp turning in a cai^ 
riage road is unavoidable, the outside of the bend 
should always be made higher than the inside^ to pre- 
vent such accidents. 

Why loere the battering rams of ike ancients such 
forrmdable engine^ of war 9 

Because they aliowed the concentrated efforts of 
many hands, and a considerable duration of action, 
so as to give at last one great and sudden shock. 

The action of gunpowder on bullets, although ap- 
pearing so sudden, is still not an instantaneous, but a 
graduiu, and therefore accelerating motion ; and ac- 
cordingly we find the effect to depend much on the 
leneth of the piece along which the force pursues the 
ball. — AmoU. 

Why wUl a cannon or musket baU, shot quite horizon^ 
iaUyy tov4ih Ike ground of a lend plane just as soon as 
anoUier ball dropped at the same instant avrecUy from (he 
eannovCs mmdh 7 

Because the forward or projectile motion does not 
at all interfere with the action of gravity. This fact, 
observes Dr. Amott, which most persons, before consi- 
deration, would be disposed to doubt, makes strikingly 
sensible the extraordinary speed of a cannon ball ; viz. 
which has already carried it 600 or 800 feet before 
touching, during the half second that a ball dropped 
from the hand of a standing person requires to reach 
the earth. This fact also explains why, fbr a long 
range, the gun must always.be pointed more or less 
upwards^ — lUements qf Physics* 
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The velocity of a mysket bell is, on an aTerage, 
1,600 feet per second, and its range half a mile. « 

JVhy is this range only half a mile, whereasy by ffieory, * 
it ought to he ten mUes 9 

Because it is retarded by the resistance of the air. 

In velocities exceeding 1,600 feet per second, the 
resistance of the air is greatly increased ; hence the 
absurdity of giving balls too great an initial velocity. 
To give a bullet the velocity of 2000 feet per second, 
requires half as much more powder as to give it the 
velocity of 1,600 feet ; yet after both have moved 400 
feet, the difference between the velocity of each is re- 
duced to 8 feet per second. A 24-pound ball, moving 
at the rate of 2000 feet per second, meets a resistance 
of 800 pounds. 

If a body could be projected upwards with the velo- 
city of 36,700 feet in a second, it would never return ; 
and as it receded from the earth, its weight or gravity 
would diminish. At present, the greatest velocity 
with wliich we can project a body, does not ezc^eed 
2000 feet per second. A bullet rising a mile above 
the surface of the earth, loses l-2000th part of its 
weight. — J^otes vit Science. 

Lieut. Helwig, of Prussia, has invented a process 
for measiu'ing the tune occupied by a ball or bullet in 

gassing through a certain space ; by making the ball 
berate the works of a time-keeper at the moment 
when it quits the mouth of the piece, and in making it 
also stop the time-keeper at the moment when itstr^es 
an obstacle. Thus, he finds that a hght body, of the 
same calibre with the bullet, moves, at the conunence- 
ment, with much greater velocity than the latter; 
equal charges being used. 

Steam cannon has not yet been found to realize 
all the formidable expectations which it had raised ; 
but Mr. Perkins has estimated the projectile force oi 
steam to be ten times greater than that of gunpowder^ 
in throwing a ball to a given distance. 
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t- While on the subject of fire-arms, we may 

' II an inj^nioUH FreuclBnaii propoaea to fii a small 

iTor, 0.47 of on iiich in the side, uesr (he moutb- 
pie-ce, eo that ihe person usmg it shall see the.reflesiDii 
of his own eye. In this way it is supposed thai very 
exact aim may be taken ; and the exjierimeuts ma^ 
by various officers and sportsmen, are said to eocoura^ 
(he idea that this application may be useful. 

Wkv iciU a bvUttjfirtd agaiiat a door han^ng Jredy 
on its hinges, perforate tin same inithoul agitatitig %t f 

Because the impression of the stroke is connned to 
one single spot, and sufficient time is not allowed fbr 
diffusing its action over the extent of the dnor. A 
pellet of clay, a bit of tallow, or even a email bag of 
water, discheu-ged Irom a pistol, will produce the same 
efiecL 

IFky it sea-Kckness produced on ghipboard f 

Because man, strictly to maintain his perpendlcu- 
larity, that is, to keep the centre of gravity always over 
the support of his body, requires slandords of compa- 
rison, which he obtains chiefly by the perpendicularity 
or known position of things about him, as on land; 
but on shipboard, where the lines of the masB, win- 
dows, furniture, &e. are constantly changing, hia 
Btaadards of comparison are soon lost or disturbed. 
Hence, also, the reason why persons imaccuMomed to 
the motion of a sliip, often find relief by keepiiti their 
eyes directed to the fixed shore, where it is visible, or 
by lying on their backs, and shutting their eyes; and, 
[ on the other hand, the ill efiects of looking over the 
aide of the vessel at the restless waves of the sea. 

Sea-flicknees, observes l>r. Arnon, also depend* 
partly on the irregular pressure of the bowels among 
themselves, and against the containing parta, when 
their inertia, or downward pressure, varies with the- 
liaiug and falling of the ship. 

Reasoning upon the last-mentioned fecta, Mr. Prat^ 
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of New Bond-Street, has constructed an elaatie or 
swinging seat, couch, or bed, for preventing the uneasy 
motions of a ship or carriage ; the frame of which is 
suspended on juribals or joints, turning at right angles 
to each other ; and an elasticity is produced both in 
the seat or cushion, and in the swinging frames, by 
the use of spiral metal springs, in the form of an hour- 
glass. A still more simple preventive was illustrated 
by Sir Richard Phillips, on his crossing from Dover to 
Calais, a few years since. He caused an arm-chair 
to be placed on the deck of the vessel, and being seated 
in it, he began to raise himself up and down, as on 
hoi-seback. The passengers laughed at his eccentri- 
city, but before diey reached Calais, many of th^m 
were sea-sick, whilst Sir Richard continued to enjoy 
his usual health and vigour. We mentioned this ex- 
periment whilst making the same passage in the Royal 
George steam-boat, about a fortnight since ; but no 
person aboard made the trial of its efficacy, although 
more than half of the number were sea-sick. 

An embrocation has lately been invented, and se- 
cured by patent, for preventing or alleviating sea- 
sickness ; this preparation is to be rubbed over the 
lower end of the breast-bone, and under the lefl ribs ; 
but we cannot add our own testimony of its efficacy. 

Why cannot sure aim be taken tvith a stone in a 
sling f 

Because the point from which it should depart^ 
cannot be accurately determined. 

fFhy is thependtdum a time-keeper^ 

Because the times of the vibrations are very nearly 
equal, whether it be moving much or Utde ; that is to 
say, whether the arc described by it be large or smalL 

A common clock is merely a pendulum, with wheel- 
work attached to it, to record the number of the vibra- 
tions ; and with a weight or spring, having force enough 
to counteract the retarding effects of friction and me 
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reristance of the ear. The wheels show how many 
swings or beats of the pendulum have taken place, 
because at every beat, a tooth of the last wheel is 
allowed to pass. Now, if this wheel has sixty teeth, 
as is common, it will just turn round once for sixty 
beats of the pendulum, or seconds ; and a hand fixed 
on its axis, projecting through the dial-plate, will be 
the second hand of the clock. The other wheels are 
so co&nected with thjs first, and the numbers of the 
teeth cm them so proportioned, that one turns sixty 
times slower than the first, to fit its axis to carry a mi- 
nute hand ; and another, by moving twelve times 
slower still, is fitted to carry an hour-hand. — AmoU, 

Why do clocks denote the progress oftitne ? 

Because they count the osculations of a pendulum ; 
and by that peculiar property of the pendulum, that 
one vUjration commences exactly where the last ter- 
minates, no part of 4me is lost or gained in the juxta- 
position (or putting together) of the units so counted, 
^K> that the precise fi^actional part of a day, can be 
ascertained, which each such unit measures. 

The origin of the pendulum is traced to Galileo's 
observation of a hanging lamp in a church at Pisa 
Continuing to vibrate long and with singular uniform- 
ity, after any accidental cause of disturbance. Hence 
he was led to investigate the laws of the phenomenon, 
and out of what, in sotoe shape or other, had been 
before men's eyes fi^m the beginning of the world, 
his powerful genius extracted the most unportant 
results. 

The invention of pendulum clocks took place about 
Jhe middle of the seventeenth century ; and the hon- 
our of the discovery is disputed between Galileo and 
Huygens. Becher contends for Galileo, and states 
that one Trifler made the first pendulum clock at Flo- 
rence, under the direction of Galileo Galilei, and that 
a model of it was sent to Holland. The Accademia de) 

Cimento also expressly declared, that the application 

ca 
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of the pendulum to the movement of a clock, was first 
proposed by Galileo, and put in practice by his son, 
Vincenzo Galileo, in 1649. Huygens, however, con- 
tests the priority, and made a pendulum clock before 
1656 ; and he insists, that if ever Galileo had enter* 
tained such an idea, be never brought it to perfection* 
Beckmann says the first pendulum clock made in 
England, was constructed in the year 1662, by one 
Tromanti], a Dutchman ; but Grignon affirms that the 
first pendulum clock was made in England, by Robert 
Harris, in 1641, and erected in Inigo Jones's church 
of St Paul, Covent-garden. 

Why does {he pendulum move faster in proportion a$ 
its journey is longer'} 

Because, in proportion as the arc described is more 
extended, the steeper are its beginning and ending; 
and the more rapidly, therefore, the pendulum fiiUs 
down at first, sweeps along the intermediate space, and 
stops at last — Amott, 

Why is it extremely difficult to ascertain the exact 
length of the penduhm f 

Because of the various expansion of metals, respect- 
ing which no two pyrometers agree ; the changeaUe 
nature of the atmosphere ; the uncertainty as to the 
true level of the sea; the extreme difficidty of mea- 
suring accurately the distance between the point of 
suspension and the centre of oscillation, and even of 
finding that centre ; also the variety of terrestrial at- 
traction, fi^m which cause the motions of the pendulum 
are also liable to variation, even in the same latitude. 
In pursuing his researches, Capt Kater discovered that 
the motions of the pendulum are afiected by the natur^ 
of the strata over which it vibrat^. 

Whv does the force of gravity determine hoto long the 
pendulum shaU he in fmirtg to^ the bottom of its arc^ 
and how long in rising f 

Because the ball orthe pendulum may be coDflidered 
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as a body descending by its weight on a slope ; a change 
in the force of gravity, therefore, would at once alter 
the rates of all the clocks on earth. — Amott, 

Why is the regulator of a watch merdy a pin which 
bears against the balance-spring 9 

Because it sUdes backwards and forwards, so as to 
shorten or lengthen the part of the spring left free to 
bend, thus changing the degree of its stifihess ; and, 
as the motion of me pendulum has relation to the 
force of gravi^, so has the motion of the balance- 
wheel to the stif&ess of the balance-spring. 

Why do persons walking arm-in-arm^ shake each other 
unless their steps correspond? 

Because the centre of gravity in each body comes 
alternately over the right and over the left foot. 

Why are certain metals malleable, or reducible into 
iMn plates or leaves by hammering ? • 

Because their atoms cohere equally in whatever 
relative situation they happen to be, and therefore 
yield to force, and shift about among each other, 
almost like the atoms of a fluid, without fracture or 
change of property. 

Gold is remarkably malleable, for it may be reduced 
to leaves of the thinness of 282,000 to the inch. For 
gold-beaters the metal is first formed into rods, these 
are afterwards rolled or flattened into ribands, the 
riband is cut into portions, which are extended by 
hammering to ^eat breadth and thinness, and which 
being again divided into portions, are hanmiered and 
extended to the thinness described. 

Why are the steel chisels and tools used for cuttir^ 
midals so frequently broken 9 

Because, requiring to be exceedingly hard, thejr 
proportionally lose, in regard to the extent of their 
elasticity. Cast iron, which is much harder than 
malleable or wrought iron, is very brittle, while soft mm 
and steel are the toughest things in nature^ 

c8 
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Wkg dots a smiih, by hammering a jnecs q/" h 
nndtrit redhoti 

Because lie thereby coinpreeses the metal, 
air IB violently eomprcEseil, it hecomes so hoi aa id 
ignita cotton and other substances. An ingenioua in- 
Btnimeat for protluoin^ light for domeatin usea has 
been cooatrucled, consistiug of a smalt cylinder, in 
which a solid piston movea air-tight: a Lttle tinder,, 
or diy apongc, is attached to the bottom of the piston, 
which is then violently forced into the cylinder: the 
air between the bottom of the cylinder and the piston 
becomes intensely compressed, and evolves bo much 
heat aa to light the tinder. — Lardner. 

Why ia thr iron rim of a coach loherl htaled be/ore 
putting onf 

Because the expansion of the metal occsaioned by 
the hea^ ihcilttates the operation of putting on the 
iron, while the contraction which fbllowa, brinss the 
joints of the wooden part together ; atid thus, binding 
Die whole, ^ves great strength to the wheel. 

fFlai does a boUU offrah water, corked and kt ifounl 
30 or Wjeet info Oit sta, often come vf again xoilh Oie 
ualer taltisk, allhotigh the cork be stiU trt £ place f 

Becauitc llie cork, when far down, is so squeezed aa 
10 allow tlie water to paaa in or out by its sides, but on 
riung it, resumes ita former size. 

ffKs do hdtblea rise on a cup of tea when a lump qf 
tivar is dropped into it ? 

Because the sugar is porous, and the air which 
filled its pore« then escapes to the surface of the tea, 
and the liquid takes ita place. 

Why are stalaetiles formed ia the hderior of cavemsf 

Because water percolates through their porous sidea 
and rooia, and being impregnated with calcareous and 
other earths, assumes pendant forma. 

Why it there an opening in the cadre of the upper atont 

Because through this opening tho grain is admitted 
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oadkept turning round between the stones, and a al- 
ways tending nnil Irsveiling' oiittvards, until it escapee 
IB flour from tlie circumference. 
; f¥)n/ dors a florae in tht circiu Uan to the centred 
~- "*— ause, when the horse moTes round with the per- 
r standing on the eoddle, both the horse and 
F incKne continually towards the centre of tin 

Ig, and the inclination increases with the velocity of 

6 notion ; by this inclinnlion their weighu couii' 

^!t the effect of the centrifugal force. 
I 'frty dots TBoter remain in a vtstd which u placed in 
a tliag and made to describe a circle ? 

Because the water, hy its inertia of straightness, of 
centrifugal (or centre-flying) force, tends more away 
from the centre of motion towards the bottom of the 
Teasel, than towards the earth by gravity. 

Why does a apinmng lop stand ? 

Because, while tlie top is perfectly upright, its poin^ 
being directly under its centre, su]iports it steadily, 
and although' turning go rapidly, has no tendency to 
move from the place ; but if the top incline at all, the 
aide of the peg, instead of the very point, cornea in 
contact with the floor, ond the pe^ then becomes a 
little wheel or roller, advancing quickly, and, with its 
touching edge, describing a curve somewhat ea s 
skuter does, until it becomes directly under the body 
of the top OS before. It thus appears that the very 
fact of the top inclinmg, causes the point to shift iU 
place, and so that it cannot rest until it come again 
directly under the centre of the top,— .iraoW. 

Whj/ is a Toddng-stone so called ? 

Because it consists of an immense moss, loosened 
in some convulsion of nature, and with a slightly 
rounded base resting on a flat sur&ce of rock bdow, 
which is so nearly balanced, that one individual can 
move or rack it. This arises from ihe rounded body 
being disturbed from its middle poation, and its ceotn 
W^ gmvi^ seeking to return. 
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Of these rocks, called Lo^gan or Laggan stones^ 
there are several among the picturesque barriers of the 
British coast 

Dr. S. Hibbert has very recently described a natural 
rocking-stone of granite, near the village of Loubeyrat, 
in the province of Auvergne, France. This stone ap- 
pears to have been an ol^ect of rehgious worship, for, 
on the top of it were two figures, a cross, and a pedestaL 
Under the figures the word pardon is traceable, and 
other letter^ which probably alluded to the number of 
days of pardon which the cross gave to the venerator. 
The natural phenomenon of the* rocking-stone proba- 
bly became an object of superstitious veneration to its 
neighbourhood, and the figures and cross were the 
adoring tributes of the natives. Dr. Hibbert, how- 
ever, thinks that the particular use to which rocking- 
stones were applied will ever remcun in obscurity : " as 
they are products of every country where loose de- 
tached rocks of a particular structure have been sub- 
mitted to the operation of atmospheric agents, it is to 
be expected that the fables assigned to their origin 
would be regulated by the pecuUar mythology of 3ie 
people among whom they have become the object of 
notice and wonder." 

Why have all shot manufactories hfly towers, as seen 
on the southern hank of the Thames ? 

Because, in the manufacturing of shot, the liquid 
metal is allowed to fall hke rain from a great eleva- 
tion, as through these towers, and the cohesive princi- 
ple gives rotundity to grains of shot. In its descent, 
the drops become truly globular, and before they reach 
the end of their fall they are hardened by cooling, so 
that they retain their shape. 

Why does a porter lean forward when carrying a 
load7 

Because his positioiv must be regulated by tlie cen- 
tre of ffravity of his body and the load taken together. 
If he Dore the load on his back, the line of direc- 
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tkm wonld pass beyond his heels, aod he would ftll 
backwards. To bnng die centre of gravity over his 
feet he accordingly leans forward. — If a nurse carry a 
child in her arms, she leans back for a like reason. 

Whf does a young quadruped walk muck sooner than 
a tkSdf 

Because a body is tottering in proportion to its great 
altitude and narrow base. Now, the child has this 
latter, and learns to walk but slowly, because of the 
difficulty, perhaps in ten or twelve months, while the 
younff of quadrupeds, having a broad supporting base, 
are able to stand, and even to move about almost im- 
mediately : but it is the noble prerogative of man to be 
able to support his towering figure with great firmness, 
on a very narrow base, and under constant change of 
attitude^ — JtnuM, 

Why are ike ^ safety coaches^ built xmJth the wheels 
far aparl^ cand ihe luggage-receptacles beneath the bocbf 

Because they may nave a broader base, and thus oe 
less liable to overturn. 

ffhy do bmlders use the plummet^ or plumb line ? 
Because, when applied to a body, it is a visible in* 
dication of the fine of its centre of gravity. 

Why do certain structures remain secure, aUhovgh 
thai have lost their perpendicularity ? 

Because the line of their centre of gravity remains 
within the base. The famous tower of Pisa was built 
intentionally inclining, to frighten and surprise ; it is 
130 feet 'high, and overhangs its base 16 feet. At 
Bologna are two celebrated leaning towers, one of 
which, the Asinelli, is 350 feet high, and 3^ feet out of 
the perpendicular. The other, the Garisenda,is about 
130 feet in height, and inclines 8 feet from the per- 
pendicular. Montfaucon, tbQ celebrated antiquary: 
attributes the leaning of these towers to the sinking of 
the earth. He says, it appears, upon examination! 
that when the Gansenda tower bowed, a great part of 
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it went to ruin, because the ground that the inclined 
side stood on was not so firm as the other, which 
may be said of all other towers that lean so ; for 
" besides these two here mentioned, the tower for the 
bells of St. Mary Zobenica, at Venice, leans consider- 
ably to one side. So also at Ravenna, I took notice of 
another stooping tower, occasioned by the ground on 
that side giving way a little. In the way from Ferrara 
to Venice, where the soil is marshy, we see a structure 
of great antiquity leaning to one side. When the 
whole structure of the Garisenda stooped, much of it 
fell, as appears by the top." 

The Monument, near London Bridge, inclines so 
much that timid people sometimes doubt its stabihty, 
and some years since its fall was a point of discussion.. 
Salisbury and other of our cathedral spires or towera 
have lost something of their perpendicularity ; Ches- 
terfield, in Derbysnire, is proverbial for its zig-zag or 
wry spire. 

The Monument is of the Doric order, and rises fron& 
the pavement to the height of 202 feet, containing 
within its shafl a spiral stair of black marble of 345 
steps ; the plinth is 21 feet square. It wts begun in 
1671, but was not completed till 1677 ; stone being 
scarce, and the restoration of London and its cathedral 
swallowing up the produce of the quarries. Mr. 
Elmes, in his Life of Sir Christopher Wren, the archi- 
tect, tells us that the Monument was "at first used 
by the members of the Royal Society for astronomical 
experiments, but was abandoned on account of its w- 
brations being too great for the nicety required in their 
observations. This occasioned a report that it was 
unsafe ; but its scientific construction may bid defiance 
to the attacks of all but earthquakes for centuries.'* 
Tiie more recent fear of its instabihty was therefore 
only a revival of this alarm ; which probably obtained 
some credence among weak persons, from its being 
erroneously attributed to Fellows of the Royal SocieQr* 
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ffky ia U physically advantageous to turn out tlu 
toes^ 

Because the supporting base of a man consists of 
the feet and the space between them ; and turning out 
the toes, without taking much from the length of the 
base, adds a good deal to the breadth. — Amott. 

Why do very fat people usually throw hack their heaa 
and shoulders ? 

Because, by so doing, they keep the centre of gravity 
of the body over the base. 

SIMPLE MACHINES. 

Why have (he " simple vruuMnes^^ as ike tever, wheel 
€md cudcy planCy wedge^ screWy and pvUey^ been long 
fidUtd the " mechanic powers ? " 

Because they were first used to raise great weights, 
or overcome great resistances. Hence the common 
error in supposing that they generate force, or have a 
sort of innate power for saving labour ; whereas, nei- 
ther simple machines nor mechanic powers save la- 
bour, in a strict sense of the phrase. 

Why, then, are these machines advardageous ? 

Because they allow a small force to take its time to 
produce any requisite magnitude of effect. Thus, one 
man's eflbrt, or any small power, which is always at 
command, by working proportionally longer, will an- 
swer the purpose of 5ie sudden effort of many men, 
even of hundreds or thousands, whom it might be 
most inconvenient and expensive, or even impossible 
to bring together. 

Why are there so many vain schemes for perpetual 
motions, and twid mechanical engines of power / 

Because the projectors do not understand the great 
tnitli, that no form or combination of machinery ever 
did^r ever can increase, in the sliffhest degree, the 
quantity of power applied. Hence me Utility of sup- 
poediig that a lever, or great pendulum, or Bprin^^ or 
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heavy fl j-wheei, &c. can ever exen more force than bu 
passud into il from some source of motion. — .dmolt. 

ffliy M a beam or rod of an^ kind, resting al Ofu part 
on a prop or orif, mhich becomes iii ceJilre qf motion, d 

BecaURe such a. contrivance was firat employed to 
lift [ttvare, Latin) weights. 

The lever, in meehonica, compensoteB power by space, 
Bud what is lust in power is gained in time. If lbs 
lever be 17 feet long, and the pivot or liilcrum be a 
foot from one cod, an ouuee placed on the other end 
will bftlanc* a pound placed on tlie near end. 1^ in- 
Read of an ounce, we place upon the long end the 
short ead of a second beam or lever, supported by a 
flilcntm one foot from it, and then place the long end 
of thia second lever upon the short end of a third lever, 
whose fiilprum is one fool &om it ; and if we put upon 
the end of this third lever's long arm on ounce weight, 
ibal ounce will move upwards a pound on the second 
lever's long ann ; and this moving upwards, will cause 
the short end to force down wardn 16 pounds at the lone 
end of the first lever, which tvill make the short end 
t^ the fir^ lever move uptvards, although 256 pounds 
be laid upon iL The same effect contiDuiog, a pound 
on the long end of the third lever, will move up a ton 
and three-quarters at the siiorieudof the <i rat lever, so 
that the touch of a child's finger, will move as much 
as two horses can draw. — Mtes in Sciente. 

Why did Archimedes rcatonabb/ enough say, " diet 
me a lever long enough, and a prop slroTig enough, and 
uriik my own weight I will move tlie world'J " 

Because there is no limit to the difference of in- 
tensity in forceti, wliich may be placed In opposition to 
each other by the lever, except the length and strength 
of the material of which the levers must be formed. 
But bo would have required to move with the velocity 
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of a cannon-ball for millions of ages, to alter thejpo- 
flition of the earth by the small part of an inch. This 
feat of Archimedes is, in mathematical truth, performed 
by every man who lefips from the growid, for he kicks 
the world away when he rises, and attracts it again 
when he falls back. — Amott, 

Why is a finder caught nuvr the hinge of a shutting 
door so much infured 9 

Because the centre of action of the door moves 
throuffh a space comparatively great, and acts with a 
great lever-advantage on a resistance placed near the 
nilcrum of the lever where there is little motion. 
Children pinching their fingers in this Way, or in the 
hinge of the fire-tongs, where there is a similar action, 
wonder why the bite is so keen. 

Why have pincers or forceps such extraordinary 
power f^ 

Because they are double levers, of which the hinge 
is the common prop or fulcrum. Dr. Amott thus illus- 
trates the advantages of this machine : — ^In drawing a 
nail with steel nippers, we have a good example of the 
advantages of usmg a tool ; 1. The nail is seized by 
teeth of steel, instead of by the soft fingers ; 2. Instead 
of the griping force of the extreme fingers only, there 
is the force of the whole hand conveyed through the 
handles of the nippers ; 3. The force is rendered, per- 
.haps, six times more effective by the lever length of 
the handles ; and, 4. By making the nippers, in draw- 
ing the nail, rest on one shoulder as a fulcrum, it ac- 
quires all tlie advantages of the lever or claw-hammer 
for the same purpose. 

Why do lofty sails often cause open hoots to upset ? 

Because the mast and sails set upon it are as a long 
lever, having the sails as the power, tuminff upon the 
centre of buoyancy of the vessel as the fulcrum, and 
lifldng tfie Imlance or centre of gravity as the reost- 
ance. 

PART VII. D 
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Why may a boy, who ccmmot exert a direct force of 
50lbs.f by means of a clatD-hammer, extract a naiUy to 
ulhicKhatf a ton mtghi be suspended^ 

Because his hand, perhaps, taoves through eight 
inches, to make the nail rise one quarter of an inch. 
The claw-hammer also proves, that it is of no conse- 
quence whether the lever be straight or crooked, pro- 
vided it produces the required difference of velocity 
between power and resistance. The part of the ham- 
mer resting on the plank, is the fulcrum, or prop. 

Why does a combination of levers produce such extror 
ordinary power ? 

Because if a lever, which makes one balance ybwr, 
be apphed to work a second lever which does the same, 
one pound at the long arm of the first, wiV balance 
sixteen pounds at the short arm of the second lever, and 
would balance sixty-four at the short arm of a tbird 
such, &c. — Amott, 

WHEEL AND AXLE. 

Why is motion transmitted through a train of whed- 
Ufork by the formation of teeth upon the circunference of 
the wheels f 

Because the indentures of each wheel fall between 
the corresponding ones of that in which it works, and 
ensure the action so long as the stram is not so great 
as to fracture the tooth. 

• 

Why is a heavy wheel sometime used as a concentrator 
qf force, or a medumic potoer f 

Because, by means of a winch, or a weight, or 
otherwise, motion or momentum is gitidually accu- 
mulated in the wheel, and is then made to expend 
itself in producing some sudden and proportionally 
great effect 

The coining-presses of the Royal Mint are thus im- 

Eelled by a fly-wheel^ and generally complete a coin 
Y one blow ; and they strike, upon an average, 60 
blowB in one minute ; the blank piece, previously pre- 
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pared and annealed, being placed between the dies 
by part of the same mechanism. The number of pieces 
which may be struck by a single die of good steel, 
properly hardened and tempered, not unfirequently 
amounts, at the Mint, to between 3 and 400,000. 
There are eight presses frequently at work for ten 
hours each day, and each press produces 3,600 pieces 
per hour ; but, making allowances for occasional stop- 
pages, we may reckon the daily produce of each press 
at 30,000 pieces; the eight presses, therefore, will 
fUmish a diurnal average of 240,000 pieces. 

Why isiian error to account the fy-whed a positive 
powers 

Because, in common cases, it merely equalizes the 
effect of an irregular force. Thus, in using a winch 
to tuni a mill, a man does not act with equal force all 
round the circle; but a heavy wheel, fixed on the 
axis, resists acceleration and receives momentum, 
while his action is above par, and returns it again 
while his action is below par, thus equalizing the 
movement Again, in circular motion produced by a 
crank, when by the pressure of the foot on a treadle, 
we turn a lathe, or grindstone, or spinning-wheel, the 
force is only applied during a small part of the revolu- 
tion, or in the form of interrupted pushes, yet the 
motion goes on steadily, because the turning grind- 
stone, or wheel, or lathe, merely becomes a fly and 
reservoir, equalizing the effect of the force. 

Hliy is the common winch in principle a toheelf 

Be||use the hand of the worker describes a circle, 
and trore is no difference in the result, whether an 
entire wheel be turning with the hand, or only a single 
spoke of the wheel. 

Why is a mun on a treadmill compelled to keep per- 
petuaily moving ? 

Because, bemg placed at the circumference of the 
wheel, his weight turns it, and he niust move forward 

•1)2 
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as fast as the wheel descends, so as to maintain his 
position continually at the extremity of tlie horizontal 
diameter of the wheel. 

The invention of th^ treadmill is, hy some persons, 
said to have been derived from a squirrel in a cylin- 
drical wire cage. 

WHEEL CARRIAGES. 

Why have wheel carriages been advantageoiisly sub- 
stUutea for sledges ? 

Because the nibbing or friction, instead of being 
between an iron shoe and the stones and irregularities 
of the road, is between the axle and its bush, which 
have surfaces smoothed and fitted to each other, and 
well lubricated. 

Why does the wheel aid the progress of a carnage f 
Because, wliile the carriage moves forwards, per- 
?iaps 15 feet, by one revolution of its wheel, the rub- 
>ing part, viz. the axle, only passes over a few inches 
of 3ie internal surface of its smooth greased bush. 
Again, the wheel surmounts any abrupt obstacle on 
the road, by the axle describing a gendy rising slope 
or curve ; and by rising as on an inclined plane, and 
giving to the drawing animal the relief which such a 
plane would bring. — ^^trnott. 

Why are wheels uswdly made of a dished form, that 
is, inclining ovtwards ? 

Because they thus acquire astonishing strength, in- 
deed that of the arch, as contrasted with the flat or 
upright wheel ; the dished form is farther use^ in 
this, that when the carriage is on an inchned road, 
and more of the weight consequently falls upon the 
wheel of the lower side, the inferior spokes of that 
wheel become nearly perpendicular, and therefore 
support the increased weight more safely. The dis- 
advantage of tl^se wheels, however, is, that an in- 
clining wheel naturally describing a curved path, the 



MECHANICS. 99 

horses, in drawing straight forward, have to overcome 
this deviating tendency in all the wheels.^ — ^^mott. 

Why are axles made of sled, and the parts on which 
Oieu hear of brass ? 

Because friction is universally diminished hy letting 
the substances which are to rub each other be of di^ 
ferent kinds. The swiftness of a skaiter, it may be 
observed, depends much on the dissimilarity between 
ice and steel. 

Why are the fore-wheels of carriages smaller than ihe 
hind-wheels ? 

Because they facilitate the turning of the carriage. 
The advantage of the wheel is proportioned to me 
magnitude ; me smaller wheel having to rise a steeper 
curve. It is not true, however, according to the 
popular prejudice, that the large hind-wheels of 
coaches and waggons help to push on the little wheels 
before them. — ^brnott. 

From these causes, continues the same ingenious 
writer, ^the difference in performing the same jour- 
ney of a mile b^ a sledge and a wheel carriage, is, 
that while the former rubs over every roughness in 
the road, and is jolted by every irregularity, the rub- 
bing part of the latter, the axle, gfides very slowly 
over about thirty yards of a smoothed oiled surface, in 
a gently waving line. It is ascertained that the re- 
sistance is thus reduced to 1-lOOth of what it is for a 
sledge." 

Why do springs not only render carriages easy vehi- 
cles on rofugh roads^ btU much lessen me pull to the 
horses^ ■■ 

Because, where there is no spring, the whole load 
must rise with every rising of the road, and must sink 
with every depression, and the depression costs as 
much as the rising, because the wheel must be drawn 
up again fropi the bottom of it ; but in a spring car- 
riage, moving rapidly along, only the parts below the 

d3 
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uprings are moved, in correspondence with the irregu- 
lariti^ while all above, by the inertia of the matter, 
have a soil and steady advance. — *^moU. 

Again, springs of carriages convert all percussion 
into mere increase of pressure: that is to. say, the 
collision of two hard bodies is changed by the inter- 
position of one that is elastic, into a mere accession of 
weight It is probable, that under certain mortifica- 
tions, springs may be appUed with great advantage 
to the heaviest waggons. 

In surmounting obstacles, a carriage with its load 
being lifted over, the springs allow the wheels to rise, 
while the weights suspended on them are scarcely 
moved from their horizontal level. 

Why cart ^ under-springs^^ ao advantageous in very 
modem carnages ? 

Because they insulate from the effects of shocks, 
all the parts, excepting the wheels and axletrees 
themselves. When only the body of the carriage is 
on springs, the horses have still to rattle the heavy 
frame- work below it, over all irregularities. 

Why, in descending a kUly road, is it common to lock 
or fix one of the wheels of a carriage ? 

Accause, the friction is then increased, and there is 
less chance of a rapid descent ; the horses having then 
to pull nearly as much as on a level road, with the 
wheel free. 

We have noticed a very effectual mode of " locking** 
the hind wheels of carriages, on the continent, by 
screwing a bar transversely, against the outer rim of 
the wheels ; by this means, the wheels may be either 
partially or wholly locked, according to a powerful 
screw, in the centre of the bar. This mode is adopted 
by the Paris diligences ; we first noticed it in a Swiss 
caliche, of great strength. The bar is rather unsight- 
ly, but our excellence in tlie construction of wheel- 
carriages should not lead us always to fook for ele- 
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gance, where conyenience is a main point, as in a 
vehicle for travelling. 

Why should a road up a very steep hiU, he mode to 
wind or zig-^ag aU the toay ? 

Because, to reach a given height, the ease of the 
pull is greater, exactly as the road is made longer. 

Why is it important to make roads as level as pos- 
sihlef 

Because, a horse drawing on a road, where there is 
a rise of one foot in twenty, is really lifting one twen- 
tieth of the load, as well as overcoming the friction, 
and other resistance of die carriage. — *£motL 

THE WEDGE. 

Why are cutting instruments^ knives^ razors, the axe, 
^c. examples of the wedged 

Because at the same time that we pull them len^h- 
wise, we press them directly forward, against the object 
A saw, too, is a series of wedges. 

Why does a rauor, (if drawn lightly over the hand) 
dart into the flesh , whereas, if pressed against the hand 
wiOi considerable force, it wiU not enter^ 

Because of the vibration of particles produced by 
the drawing action, which enables the razor to insinuate 
itself more easily. We witnessed an example, only a 
few days since, when a bon vivant, in a fit of mis- 
chievous ecstasy, seized a pointless table knife, and 
passed it very lightly down the back of his friend's 
coat. The injury was not immediately seen, but the 
cloth proved cut, from the collar to the waist ; whereas, 
had the knife been heavily pressed against the cloth, the 
coat would have escaped injury, and the gay fellow the 
expense of his folly. 

Why is the toedge so important an agent in the arts 
and manufactures ? 

Because it exerts enormous force through a very 
small f^Nbce. Thus, it is resorted to for splitting xmuaeB 



It THE PKOnXi^^^^^^^ 

of timber, or Htoneti. Ships are raised in docks, by 
weilgi!s (Iriveii uiidiir tlicir ke«lH. Tlie wedge is the 
piiucipal ngent in tlic nil-mill. The eeodn, Irom 'which 
the oil is to be extracted, are introduced inlo liairbags, 
and placed between planes of liard-wood. Wedges 
insened between ibe bags, are driven, by allowing 
heavy beams to fikll on them. Tlie |>ressi]re thus 
excited is eo intense, that the seeds in the bags are 
ibrmed into a mass nearly as soUd as wood. — liordner. 
The deiaila of an extensive oil mill uear Garrat are 
as follow:— A magnificent waier-wheel, of 30 feet, 
turns a main shaft, wbicb gives motion to a }iair of 
Terlical stones, raises the driving-beams, and turns a 
band, which carries the seed in small buckets from the 
floor to ibe hopper. The shock on the entire nervous 
Byslem, produced by the noise of the driving-lieanis as 
tbey fall on the wedges, is not to be described. The 
sense of bearing for the time is wholly destroyed, and 
the powers of voice and articulation are vejnly exerted. 
The noise is oppresaive, though a rebound, compara- 
tively tuneful, takes place, till the wedge is driven 
home; but afterwards tlie blows fall dead, and pro- 
duce a painful jnr on the nerves, affbciing the auditor 
for some hours with a sense of general lassitude. 

ffla/ does a screw ejwblt a snudl/orct to produce ttuh 
prodigimu effects ? 

Beeause every turn of the screw carries it forward 
in a fixed nut, or draws a movable nut along upon 
it, by exactly the distance between two turns of its 
thread : this distance, therefore, is the space described 
by the remstance, while the force moves in the circum- 
ference of the circle described by the handle of the 
screw ; and the disparity between these lengths or 
■paces is often as a hundred or more to one, — ^JntotL 

IVhy mafj the screw he called a winding lOedge f 

Because it has the same relation to s BtcwgU 
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wedge, that a road winding up a hill or tower has to a 
straight road of the same length and acclivity. 

fFhy is the screw, in some respects, a disadvantageous 
contrivance ? 

Because it produces so much friction, as to consume 
a considerable part of the force used in working it. 

Whf do mathematical instrument makers mark dim- 
sions on their work with the screw ? 

Because it can easily be made with a hundred turns 
of its thread in the space of an inch, and at perfectly 
equal distances from each other. If we suppose such 
a screw to be pulling forward a plate of metal, or the 
edge of a circle, over which a sharp-pointed steel 
marker is placed, which moves up and down perpen- 
dicularly, the marker, if let down once for every turn 
of the screw, will make juSt as many lines on the 
plate ; but, if made to mark at every hundredth or 
thousandth of a turn of the screw, which it will do 
with equal accuracy, it may draw a hundred thousand 
distinct lines in one inch. 

Why may a printirig press he said to do the work of 
Jifhimen^ 

]Kecause a solitary workman, with his screw orpther 
engine, can press a sheet of paper against types, so as 
to take off a clear impression ; to do which without 
the press, the direct push of fifty men would be insuffi- 
cient ; and these fifty men would be idle and super- 
fluous, except just at the instant of pressing, which 
recurs only now and then. This, and the two preced- 
ing illustrations, are almost literally from Dr. Amott's 
works, in which the importance of having correct no- 
tions on the subject of^ the simple machines, or me- 
chanical powers,^ is illustrated by many other familiar 
examples. 

THE PULLEY. 

Wh^ is the puUey an advantageow machine ? 
Because, in such a construction, it is evident that 
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the weight (let it be supposed ten pounds) is equally 
supported by each end of the rope, and that a man 
liolding up one end, only bears half of it,, or five 
pounds; but to raise the weight one foot, he must 
draw up the two feet of rope ; therefore, with the pul- 
ley, he lifts five pounds two feet, where he would have 
to lift ten pounds one foot without the puUey. 

Why have fixed jmUic^ no mechanical advantage ? 

Because the weight just moves as fast as the power; 
yet such pullies are of great use in changing the direc- 
tion of forces. A sailor, without moving fi*om the 
deck of his ship, by means of such a pulley, may hoist 
the sail or the signal flag to the top of the loftiest mast. 

Why is the puUey on ship-board called a block f . 

Because of the block or wooden mass which sur* 
rounds the wheel or wheels of the pulley. Hence the 
machinery for making these puUies is called block-nut- 
chinery. Of that at Portsmouth, invented by Brunei, 
there is a set of magnificent models in the possession 
of the Navy Board. They consist of eight separate 
machines, which work in succession, so as to begin 
and finish off a two-sheaved block four inches in length. 

Mr. Faraday, in a lecture at the Royal Institution 
in 18S9, stated generally, that the block -machinery of 
Portsmouth, by adjustments, could manufacture blocks 
of one hundred dinerent sizes ; could, with thirty men, 
make one hundred per hour ; and, from the time of 
its completion in 1804-5, to that day, had required no 
repairs fi*om Maudslay, the original manufacturer. 
The total cost was £46,000, and the saving per annum, 
in time of war, was £25,C)00, after allowing interest 
for capital, and paying the expense of all repairs. 

Why is a chair or bucket, attached to one end of a 
rope which is carried over a fxed pulley, used as a fire- 
escape ? 

Because a person, by laying hold of the rope on the 
other sidoi may, at wiU, descend to a depth equal to 
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half of the entire length of the rope, by continually 
Yielding rope on the one side, and depressing the 
bucket or chain by his weight on the other. In this 
case the pulley must be attached to some part of the 
buildinj?, or it is recommended that each chamber- 
floor of a dwelling-house should have a staple fixed 
near the exterior of a window, to which staple the 
pulley may be attached by a hook. This is, perhaps, 
the simplest fire-escape yet proposed, and we need 
scarcely add, the simpler the means the more likely is 
it to succeed in extreme danger. 

FRICTION. 

Why is the fiidion greater between pieces of (he same 
substaticej (kan hettoeen pieces of different svbstances, 
with dissimilar grains f 

Because, it is supposed, of the rouffhnesses, or little 
projections in the former, mutually fitting each other, 
as die teeth of similar saws would. 

" But for fiiction,*' observes Dr. Amott, "men walk- 
ing on the ground en: pavement would always be as 
if walking on ice ; and our rivers, that now flow so 
calmly, would all be fiightfiil torrents." 

Why does thefiiction of various woods against each 
other vary ^ 

Because of their difierent degrees of hardness ; the 
soft woods in general giving more resistance than the 
hard woods; thus, yellow deal aflbrds the greatest, 
and red teak the least friction. Soil metals fdso pro- 
duce greater friction, under similar circumstances, 
than those which are hard. — G. Rennie. 

Why is the friction of surfaces^ when first brought 
into contact, often greater than affxr their attrition has 
been continued a certain time ? 

Because the smoother the surfaces are the less will 
be die friction, and that process has a tendency to re- 
move those minute asperities and projections on which 
the friction depends. But this luifl a limit, and after 
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a certain degree of atdition the fiiclion ceases to 
decrease. 

Why does smearing the surfaces wUh unctuous matter 
diminish ihe friction 7 

Because it fills up the cavities between the minute 
projections which produce the friction. 

Why has plumhago, or black lead, been svbstUvied for 
oil in clocks and chronometers^ 

Because, when mixed with spirit, it readily adheres 
to the surface of a steel pivot, as well as to the inside 
of the hole in which it runs, so that the rubbing sur- 
faces are no longer one metal upon another, but plum- 
bago upon plumbago. These surfaces, by their mutual 
action, speedily acquire a polish inferior only to that of 
the diamond, and then the retardation of the machine 
£rom friction is reduced almost to nothing, and wear 
and tear from this cause is totally prevented. 

Why are jewelled holes injurious to the pivots of 
watches and chronometers f 

Because, sooner or later, however perfect the pol- 
JHliing may be, the hard substance of the jewel grinds 
and cuts the steel pivot, and the metallic particles clog 
the oil. 

Why is a peculiar metal requisite for pwot-holes ? 

Because it must preserve the oil m a fluid state, 
have Uttle friction with the steel pivot, and be in a de- 
gree softer than the pivot, for it is of less coi^equence 
that the hole be worn tlian the pivot. ' Brass is objec- 
tionable, on account of its liability to rust, and gold 
is too soft for the purpose. Now, an alloy possessing 
the above requisites has lately been discovered by Mr. 
Bennett, watchmaker, of Holbom. It consists of pure 
gold, silver, copper, and palladium, and its small ex- 
pense, compared with that of jewels, is not its least 
recommendation. 
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STRENGTH OF MATERIALS. 

fPhf is a hoUow tube of metal stronger than the same 
guankty of metal as a solid rod9 

Because its substance, standing further fi*om the 
centre, resists, with a larger lever. Hence, pillars of 
cast-iron are generally made hollow, that diey may 
have strength, with as little metal as possible. Masts 
and yards for ships have been made hollow, in accord- 
ance with the same principle. 

fFhy does a plank hend and break mare readUy than 
a heanif and aoeam resting on its edgesy bear a greater 
weight than if resting on its side9 

Because the resistmg lever is smaller in proportion 
as the beam is thinner. Where a single beam cannot 
be found deep enough to have the strength required 
in any particular case, as for supporting the roof of a 
house, several beams are joined together, and in a 
great variety of ways, as is seen in house-rafters, &c. 
which, although consisting of three or more pieces, 
may be considered as one very broad beam, with those 
parts cut out which do not contribute much to die 
strength. — Amott. 

Why is a beam, when bent by its weight in the middle^ 
very liable to break ? 

Because the destroying force acts by the long lever, 
reaching from the end of the beam to the centre, and 
the resisting force or strength acts only by the short 
lever, from the side to the centre ; while only a little 
of the substance of the beam on the under side is al- 
lowed to resist at all. This last circumstance is so 
remarkable, that the scratch of a pin on the under side 
of a plank, resting as here supposed, will sometimes 
suffice to begin the fracture. — ^4motl, 

Why is a suspension bridge mx>re economical than an 
ordmaryy or insistent bridge ? 

Because a suspension-bridge varies its curve so as 
to adapt it to any variation or partial excesB in its 

PART VII. B 
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load, in consequence of which, the strength of the 
chains may, widi great precision, be adjusted to any 
required stnun, and no more : while, in insistent bridges, 
the liabihty of the arch to a fatal derangement of its 
form by^)artial or excessive pressure, req^uires an enor- 
mous increase of weight and strength, beyond what is 
requisite for the mere support of its load, supposing it 
to be uniformly distributed. — Ainger, 

Why is iron admirably adapted for the construction of 
stUToension bridges 7 

Because the greater part of the weight of these 
bridges arises from the chains themselves, wherefore, 
the best material for the purpose, is that which has 
great tenacity with small weight ; and iron is at the 
same time the most tenacious, and, excepting Ian, the 
lightest of the common metals. A square inch of good 
iron requires about 25 tons to separate it,. — and it will 
not be stretched or otherwise aflfected, with less than 
half that weight Rope bridges, have, however, been 
introduced, with the advantages of economy and porta- 
bility, into British India, where a rope-bridge, 160 feet 
in length, is so light and portable, that it has been se- 
veral times set up and removed in a few hours. — Mi- 
ger. 

We may here mention, that Mr. Bevan has found 
the strength or cohesion of cast-iron, to be upwards of 
30,000 pounds to the square-inch, though much de- 
pends upon the mode of applying the force. 

JVhy is iron best cemented by cast-irpn ? 

Because pure iron, when surrounded by and in con- 
tact with cast-iron turnings, and heated, is carbonized 
very rapidly, so as to exhibit all the properties of steel. 

Why is heated air now used in smelting iron ? 

Because it requires but three-fourths of the quantity 
of coal requisite, when cold air, that is, air not artifi- 
cially heated, is employed for that purpose ; while the 
produce of die fliniace In iron, is at the same time 



MECHANICS. 39 

greatly inct^ased. It is supposed, that this improve- 
ment will accomplish a saving in the cost of the iron, 
in Great Britain, to the amount of at least 200,000/. 
a-year. — Jameson* 

Why are pUes for hridge-building, driven by great 
toeights hein^ suddenly let fall on thSn ? 

Secause me hody of the workman heing too weak, 
to give a forcible downward push directly, he employs 
a certain time in carrying a weight up to such an 
elevation above his work, mat when let fall, its mo- 
mentum may do what is required. Here the continu- 
ed efforts of the man in lifting the weight, to a height 
of perhaps thirty feet, may be just sufficient to sink 
into the earth one inch; and the continuance has, 
therefore, balanced forces, which are to each other in 
intensity, as thirty feet to an inch. — ^Amott, 

Why does an ^huUt bridge genercdlyjlatten in the archf 
Because the builder has not sufficiently attended to 
the effect of the horizontal thrust of the arch on its 
piers. Each arch is an engine of oblique fcrce, push- 
mg the pier away from it In some instances, one 
arch of a bridge falling, has allowed tlie adjoining 
piers to be pushed down towards it, by the thrust, no 
longer balanced, of the arches beyond ; and the whole 
structure has given way at once, tike a child's bridge, 
built of cards.-— *^moft. 

The principle of bridge-building is beautifblly illus- 
trated by the small toy-models; me stones being rep- 
resented by separate pieces of wood, which tne 
juvenile architect is required to form into an arch, or 
arches. It could be wished that the above and such 
scientific toys were better appreciated in England. 
They seem only to suit the caprice of the moment. 
Thus, the Chinese, Indian, and other puzzles, were 
but the fevourites of a year, and Dr. Brewster's splen- 
did kaleidoscope was less understood, and more abus* 
€d, than any modem discovery. 

e2 
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Wy do tht great domu of churches rettmile ri 

Becnuse they hare strength on the same priiMU] 
being in general, strongly bound at the bottom, wiio 
chains and iron bars, to coiiuteract the horizonta! 
thniKt of the supermruciure ; this hindiDg, in truth, re- 
sembliue a pier all round. St Peter's at Rome, and 
St. pHurn in Loudon, are fine cxatnplea; as ia also 
tiie large fir roof of the BoBilica of Sl Paul's. Al 
Rome, the trusses are double, and plated fifteen inch' 
ea asunder, whicih gives it, probal)ly, more stability 
than if they were strapped and bound into single 

7f%;y u Ihe Gothic m- pointed arch, ao taavenaUy ad- 
mired far its stri:T>gth am bcauhj ? 

BcpBUSO it bears the uhief weight on its summit or 
key-stone. Bishop Warburton, in his Divine Lega&m, 
supposes the Gothic arch to have been taken trom an 
avenue of trees. Hence the "high o'er arching 
groves," and " tiie verdant portico of woods," of Mit 
lon and Thomson ; Cowper says, 

BelneBD Ibe uprielil slmfti of wtiuBe UJ] elms," be. 
In Belchwortb Park, Surrey, is an avenue of giganlio 
ehns : its length is 350 yards, resembhng the -note qf a 
calhtdral ; the trees form, on the outside, a vest screen 
or wall of verdure; within, the branches, meeting at a 
great height in the air Ironi the opposite rows, form 
" Gothic arches," and exclude every rdy of the meiir 

Why does the arched form bear pressure so admindityf 

Because, by means of it, the force tliat would de- 
stroy is made to compress all the atoms or parts bI 
once, and nearly in tlie some degree. The whole Bub- 
stence of the arch therefore resists, almost hfce that of 

straight pillar under weight, and is nearly as stroDf. 

The strength of the arched form ia exemplified m 
Ihe well-known experiment of bottles, containing only 
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■jr, and corked, being let down into the sea, and drawn 
up filled with water, and the cork driven in below the 
neck of the bottie. Thus, if the bottle have flat sides, 
and be square-bottomed, it will be broken by the pres- 
sure ; but, if it be round, it will be more likely to resist 
the pressure, and have the cork forced in. The shape, 
in this case, is conducive to strength, — ^partaking of ^e 
qualities of an arch. 

It is not known at what period the arch was invented, 
but it was comparatively in modem times. The hint 
was probably taken from nature ; arched rocks being 
among the interesting wonders of the earth. At Lewis, 
in the Hebrides, is a stupendous specimen of curved 
gneiss, (a primitive rock, in which metals mosdy 
abound) which has the bold symmetry of the Saxon 
arch, it is a matter of surprise,.tliat, with so many 
specimens in nature, the arched form was not adopted 
earlier. The liuman skull is another specimen of the 
arched form ; and the strength thus obtained, explains 
the unseeming impossibility of breaking an egg by 
pressing it endwise between our hands : again, what 
hard blows of the spoon or knife are often requisite to 
penetrate the shell. "The weakness of a similar sub- 
stance, which has not the arched form, is seen in a scale 
fix)m a piece of free-stone, which so readily crumbles 
between the fingers." 

It is generaDy admitted, that the early Greeks were 
unacquainted with the principle of constructing the 
arch, and that neither tlie Indians nor Egyptians were 
acquainted with it. In Egypt, however, the monu- 
ments of which country are more ancient probably than 
any other on the face of the globe, the form of the Ro- 
man arch was well knowo, as is attested by remains of 
passages cut out in stone. Among the ruins of The oes, 
sun-dried brick-buildings have been found to contain 
constructed arches, which may be referred to an age 
coeval with Thebes itself, as well as to any later pe- 
riod. In the oldest buildings of the Hairan, are round 
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wid pointed arches, cm out and constructed ; 

the arch may be CAjTied liuck to tlie earliest period 

which thesQ fertile plains were first peopled by a ra 

dwelling in houses ; and tliis we know to have tieeo as 
early as the time of Job, or even before, as, in his day, 
his eons and daughlei« feasted luxurioualy in hovaa. 
It is not, however, to be necessarily Inferred trom this, 
that the Romans borrowed the form of the arch, or the 
principle of its construction, from tho East, since these 
mieht both have existed in this quarter at an early pe- 
riod, and yet have been discovered in Italy at a much 
later date, without any knowledge of its oxistei 
where, — Ahnd^dfrom Bacldngliam's TraveU. 

Why is the invtnlion of arckiUctiwe atirHnUed to 
Egwtima? 

Because the Eg-yptian capitals are a complicadon of* 
orders in one mass, which, if divided, would produce 
numerous hints for new ideas. Thus, from tlio laiua- 
leaved capitals, it will be acknowledged, that the Doric 
and Con-nihian orders have been extracted. The lome, 
also, is believed to have originated in Egypt ; from the 
remaina of the email temple of leis, in the island of 
Philte. Isis, is the lo of the Greeks, from whom the 
name of lonin was no doubt derived ; and it is very 
probable, that he who introduced the order gave it that 
name, as having been taken from the temple of the 
goddess. Such is the hypothesis of Belzoni, respecting 
three of the five crderB ; the remaining two are thus 
explained : — the 7\uciin,byiiispeclioQ, and comparison 
of its component elemeota, will be found almost the 
same as the Doric, tind is evidently derived &om it; 
and the Comixuiite is formed of the proportions and etl- 
richments of the Corinthian order, and the anguli 
volute of the Ionic. 

Why did the Egmtieoa erect anch stupendoia 
mtnti ta the ^ramtda^ 

Because, n ia conjectured, of the policy of 



1 



1 



MECHANICS. 43 

Egyptian rulers, whose plan to prevent the evils of 
over-populousness, was, to accustom the lower orders to 
a spare diet, and employ them in the construction of 
huge edifices, destined for tombs, or the temples of re- 
ligion. Hence, the pyramids and excavated temples, 
^miich still excite the wonder of the world, aud prove 
what may be effected by the aid of the amplest ma- 
chinery, — ^with tune, numbers, and perseverance.^^ — 
Bdztmu 

Why do the more ancient Egr/ptum monuments eX' 
cud me later in design and execution ? 

Because, among the Egyptians, every thing advanced 
to a certain point of perfection ; — ^there stopped, never to 
advance, but rather to recede. — Belzonu 

Why are light-houses buUt of a circular form f 
Because, partaking of the properties of the arch, it 
best enables them to withstand the flur of tempests, 
from every quarter. The Eddystone light-house, built 
by Mr. ^meaton, the English engineer, is a splendid 
triumph of this principle. 

Wliy were mirrors first used for reflecting light- 
houses^ 

Because of the following trivial circumstance. 

A.t a meeting of a society of mathematicians, at Li- 
verpool, one of the members proposed to lay a wager, 
that he would read a paragraph of a newspaper, at ten 
yards distance, with the light of a farthing candle. 
The wager was laid, and the proposer covered the in- 
side of a wooden dish with pieces of looking-glass, 
fastened in with glazier's putty, — placed his reflector 
behind the candle, and won his wa^r. One of the 
company marked this experiment with a philosophic 
eye. This was Capt. Hutchinson, the Dock-master, with 
whom originated the Reflectmg Light-houses, erected 
at Liverpool, in 1763. 

The revolving lights, as at Calais, are an improve- 
ment upon this invention. Lieutenant Drumm<^ d's 
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ingenious application of ignited lime to the illumina- 
tion of light-nouses, a brilliant discovery of the present 
day, has been already noticed.* 

iVhy is hempen-rope preferable to iron-chain for the 
scale of a weighing beam ? 

Because the rope resists a greater weight falling into 
the scale than is resisted by the chain, and is altoge- 
ther stronger than the chain ; the hemp yields by its 
elasticity, and continues its resistance through a con- 
siderable space and time, — and thus at last gradually 
overcomes the momentum ; while the iron, by not yield- 
ing, either re(][uires to be strong enough to stop the 
mass suddenly, or breaks. 

Why are chain cables stronger than those of hemp or 
rope'^ 

Because the chain, by its weight, hangs as a curve 
or inverted arch in the water, while the rope being 
nearly of the weight of water, is supported by it, and 
becomes almost a straight line from the anchor to the 
ship ; and when a great wave dashes against fhe ship, 
the straight rope can only yield by the elasticity of its 
material, and, comparatively, therefore, a Uttle way; 
but the bent chain vnll yield until it be drawn nearly 
straight, and by this greater latitude of yielding, and 
consequent length of resistance, it will stand a greater 
shock. — Amott. 

Why is British oak more durable than that of North 
Ainerwa'^ 

Because variable weather, as in Britain, conduces to 
firmness, whereas, the hot summers of North America 
impoverish its growth. 

Why is steaming pr^udidal to timber f 

Because the neat and moisture together, always 
weaken that constituent principle of the timber, upon 
which its strength and durability in a great measure 
depend. 

* See Poruuks CHBMiirari page 50 
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^■Why is sUmainff indisptnsaUt for sMp-huHding f 

Bccrause the planks caiinnt be olhermlBe curved cs 
twisted, as in the beuda of the hull of the vessel. 

To give an idett of the enonnous quantity of timber 
Decessary to construct a ship of war, we may obeerve, 
that 2,000 tons, or 3,000 loads, are computed to be re- 
quired for a seventy-four. Now, reckoning My oaks 
tg the acre, of 100 yeai's standing, and the quantity in 
each tree at a load and a balf, it would require forty 
acres of oak-forest to build one aeventy-fuur ; and the 
quantity increases in a great ratio, for die largest class , 
ofline-of-battle-ships. A first-rate man-of-war require 
about 60,000 eubin feet of timber, and u 
pounds of rough hemp, in the cordage sua sails tor it. 
The average duration of these vast machines, whea 
employed, is computed to be fourteen years. It ii 
Hupposed, thatalltiie oaks now in Scotland, would not 
build two ships of the hue. In Sweden, all the oak 
belongs to the king, or the proprietoi's of estates can 
only dispose of it to government ; so that, when not 
wanted for the navy, it is oflen left to decay, and in- 
deed, is generally much neglected. 

Whi if Uok wood superior lo oak 9 

Because it is stronger and more buoyant. Its dura- 
bllitjr is more decided ; and, unlike the oak, it may be 
put >n use almost green from the forest, without don^r 
of wet or dry rot The oak contains an acid which 
corrodes and destroys iron ; the teak, on the contrary, 
possesses an essential oil which preserves iron. 

fi'hy are bteck and elm good timber for the lower 
keels of ghipa, and tki pUes of bridges and harbours'^ 

Because both, when under water, are extremely 
durable ; though neither stand the effects of the atf 

ff'Aj iiijir preferable lo oakfo 
Because it is lighter, far m 
worked, straighter, and of much greater length. 



fects of the aCf ^M 

71 building 7 ^^M 

ilic, more easily ^H 
i^r length. Thft ^H 
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best that comes in the form of deals, is from Christiana 
and Frederickstadt, chiefly on account of the vast su- 
periority of the saw-mills there. 

Why was chestnut ttstd in ancient roofs ? 

Because of its lightness and durability. The largest 
roof of the ancient construction is that of Westminster 
Hall, which is of chestnut. The support of every piece 
of timber is apparent ; and the only strain which ap- 
pears directly across the timber is on the boards and 
rafters between the great trusses ; and it does not ap- 
pear to be in the least decayed, although constructed 
four hundred and fifty years since, 

COALS AND GUNPOWDER. . 

Why are coals so productive of grand mechanical 
effects 9 

Because of their great hidden powers, which we 
can at pleasure call into action. Thus, it is well 
known to modem engineers, that there is virtue in a 
bushel of coals, properly consumed, to raise seventy 
millions of pounds v.'eight a foot high. This actually 
is the average effect of an engine at this moment work- 
ing in Cornwall. The IV^nai B/idge, one of the most 
stupendous works of art that has been raised by man 
in modem ages, consists of a mass of iron not less than 
four millions of pounds in weight, suspended at a 
medium height of^ about 120 feet above the sea. The 
consumption of seven bushels of coal would suffice 
to raise it to the place where it hangs. 
■ The great pyramid of Egjrpt is composed of granite. 
It is 700 feet in the side of its base, and 500 in per- 
pendicular height, and stands on eleven acres of ground. 
Its weight is, therefore, 12,760 milhons of pounds, at a 
medium height of 125 feet ; consequently, it could be 
raised by the eftbrt of about 630 chaldrons of coal, a 

3uanti^ consumed in some foundries in a week.-^ 
: F. Herschd. 
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Why is gunpotoder another important source of me- 
dumical potoer9 

Because of the tremendous force which it exercises 
in certain operations, as blasting rocks, &c. in the 
progress of mechanical works. Thus, in the progress 
of cutting the Delaware Canal, four kegs of gunpow- 
der, containing about 1001b. were, in 1829, used for a 
angle blast, and had the effect of rending in pieces 
more than 400 cubic yards of rock.* 

Yet it is only when we endeavour to confine gun- 
powder, that we get a full conception of the immense 
energy of that astonishing agent. In Count Ru mford's 
experiments, twenty-eight grains of powder in a small 
cylindrical space which was just JUled, tore asunder a 
piece of iron which would nave resisted a strain of 
400,000 pounds, applied at no greater mechanical dis- 
advantage. 

BALilNCES. 

}fhy are we enabled to determine {he relative weight 
qf a body, compared with the weight of another body, 
assummas a standard, by m^eans q^ fhe balance 7 

Because the balance consists of an inflexible rod or 
lever, called the beam, furnished with three axes; 
one, the fulcrum, or centre of motion, situated in the 
middle, upon which the beam turns, atid the other two 
near the extremities, and at equal distances from the 
middle. These last are called the points of support, 
and serve to sustain the pairs or scales. These points 
and the fulcrum are in the same right line, and the 
centre of gravity of the whole should be a little below 
the fulcrum, when the position of the beam is hori- 
zontal. The arms of the lever being equal, it follows, 

* By way of parallel with this effect, though produced by different 
mean8,we may mention that in 1825 there was opened in Cochin- 
China, a canal twenty-three miles long, eighty feet wide, and twelve 
feet deep. It was begun and finished in six weeks, although carried 
tbroogh large forests, and over extensive marshes. Twenty thousand 
men were at work upon it day and night ; and it is said that Mven 
thomaad died of fatigue 




that if equal welg-hts be put into the ecales, no efibci 
will be |)rocliipe(i on the poBitinn of the balance, and 
the beam will remain horizontal. If a small addition 
be made to the weight ill one of the scales, the hori- 
zontaliif of the becuns will be disturbed ; and, after 
onrillatmic for some time, it will, on attaining a stBte 
of tPSt, form an angle witli the horizon, tliR extent of 
whirh is a mc-aaiins of the delicacy or sensibility of the 

}fTa/ should not the wdgtiis of a halnnct ht touched Kjf 

Because that would not onljj oxydate the weight, 
(or cause it to met) but by raising ite temperature, it 
would appear hghler when placed in the scale-pan, 
than it aliould do, in consequence of the aBcent of the 
heated air. For the largo weights, a wooden fork or 
tonga should be emfiloyud ; and for the Hmallar, a pair 
of fiirceps made of copper; this metal possessing suffi- 
cient elasticity to open the forcep.^ on their lieing re- 
leased from pressure, and yet not opposing a resistance 
■nfficient to interfere with that delicacy of touch, which 
is desirable in such operations.— Kirfw. 

JFhy dots on* wdght alone seme to determine a great 
vanety of otherM, by the steelyard? 
■ Because the steelyard is a lever, having unequal 
arms, and hy sliding the weight along the longer arm 
of the lever, we thus vary its distance from the fbl- 
cnim, taken in a reverse order ; consequently, when B 
constant weight is used, and an equilibrium estab- 
lished, hy aliding this we'Erhi on the longer arm of 
the lever, the relative weight of the substance weighed, 
to the constant weight, will he in the same proportias 
as the distance of the conslant weight from the ful- 
crum is to tlie IfcBgth of the shorior arm. 

Ifhj/ is the gpring steelyard in veiy general use ? 

Because of its portability ; as a spring that will a 
ceRun weights ftwn one pound to lif^, i" '" 
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in a cylinder only 4 inches long, and | inch diameter. 
To ufle this instrument, the substance to be weighed is 
suspended by a hook, the instrument being held by a 
rin^ passing through the rod at the other end. The 
spring then suffers a compression, proportionate to the 
weight, and the number of pounds is indicated by the 
division on the rod, which is cut by the top of the 
cylindrical tube. — Kater. 

The dial weighing machine is a modification of the 
same principle, connected with hands on a dial or 
clock-race to denote the weight. 

WATER. 

Whf do toaier-whcds vary in thtir construction ? 
Because of the different ways in which the mecha- 
nical force of the Hquid is intended to be appUed. 

Why are certain of these wheels called overshot f 
Because the water by which they are impelled de- 
scends from its level to a lower one ; its weight during 
the descent (falling, as it were, over the wheel) caus- 
ing the wheel to turn. That this may be possible, it is 
only necessary that there should be a sufficient supply 
of water at the superior level, and that there should be 
a means of carrying it off afler its descent, so as to 
prevent by its accumulation, the equahsation of the 
two levels; Hence the necessity of flood-gates in a 
mill course. On the circumference of the wheel the 
weight of the water is made to act in its descent, in a 
direction as nearly as possible at the right angles to 
the spokes, or radii; this pressure, however, acting 
only at one side of the wheel ; thus making the wheel 
revolve, and communicate motion to its axis ; and this 
motion being transmitted by wheel-work, and other 
contrivances, to the machinery which it is required to 
work. 

Why are other wheels called undershot ? 
Because the flat or float boards placed at equal dis- 
tances on the rim, and projecting from it, in diree- 
PART VII. r 



tions diverpng from its ceoire, are intonded lo receive 
the impulse of Ibe water ns it pnesea under ttin wheel 
The wheel is tliereby caused to reTolre in the direc- 
tioD of the stream, with a force dejieading on ibe 

Junntity aod velocity of the water, and the number, 
irm, and position of the float-boards. 
The breast wheel partakes uf the uamre of the over- 
shot and mideishot wheels ; like the latter, it has float- 
boords ; but, like the former, it is worked more by the 



weiglit of waier than hy its impulse. 

Tlie jwioer of water on wheels maj 
tnited. If 100 gallons per miuute be equal t 



f water on wheels may be thtia il]i»- 



n power with one fool of fall, one gallon ]>er minute 

will perform the same work with 100 feet of filJL* 

Wh^ 13 the kydroatatie or Bramah'a preM, onotter 
txamfie of Ok mechaiiieal agenci/ of aater ? 

Because water, in eomuion with all fluids, possesses 
the power of transmitting pressure equally in every 
dimcDon. In tliis iuatnnce, loo, it is materially aided 
by the mechanicul effioocy of the lever, 

Pascal demonstraled thie prineiple and its adran- 
iBgeB, by fixing to the upper end of a cask set uprighl, 
a veiy long and narrow cyUuder. Id filling the bar- 
re), and afierworda the cylinder, ttje simple additiaa 
of s, pint or two of water, wtiich the latter was capable 
of containing, produced the same eflecl as if the cask, 
preserving its diameter tliroughout, had its lieiglil in- 
creased by the whole length of the cylinder. Thus, 
the increase of weight of a pint or two of water, was 
sufficient to burst the bottom of the hogshead, by the 
leusc augmentation of pressure it occasioned. Now, 
'6 suppose ilie water removed from the cylitider of 

'be mpcliaiiical fgrce of runnlnj water is ironierdoiis. Durini 

I Inr.llnari ninn. rl.in. R n..'l In S n. Id ^=.A. 1 .. . 1^^?: 1 
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narrow dimensions, and replaced by a solid of equiva* 
lent weight, such as a piston, it is evident that the 
pressure must remain everywhere the same. Again, 
if we suppose the weight of the piston to be multiplied 
by the power of a lever acting on its shaft, the pres- 
sure will be proportionally augmented, so as to pro- 
duce on the bottom of the cask a pressure equivalent 
to an enormous weight, with the exertion of very little 
primitive force on the piston. — JVotes in Sciejwe, 

This property of liquids also enables us with great 
facility to transmit the motion and force of one ma- 
chine to another, in cases where local circumstances 
preclude the possibility of instituting any ordinary 
mechaniccd connexion between the two machines. 
Thus, merely by means of water-pipes, the force of a 
machine may be transmitted to any distance, and over 
inequalities of ground, or through any other obstruc- 
tions. 

Why is (he hydrostatic press more advantageous than 
ikat toorked by a screw 7 

Because between solids and fluids there is litde or 
no friction ; and, accordingly, in the hydrostatic press 
no force is lost by friction, except what is necessary to 
overcome the friction of the pistons in the cylinders. 
The loss of power in the screw, by means of friction, 
has already been explained at page 32. 

ANIMAL STRENGTH. 

ffliy does the rate of steam carriages surpass the irf- 
most stretch of animat power ? 

Because the machine by which they are propelled, 
unlike any animal, rolls along unimpeded in any de- 
gree by the speed of its own motion. 

According to some experiments, recently made by 
Mr. Bevan, to determine the actual force of draught 
of carriages upon common roads, it appears that Kve 
horses w5l draw with equal ease the same load upon 
ft good hard turnpike road, as thirty-three horses can 

f2 
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do Upon loose sand. Or, if we assume the value of 
draught, upon a well-formed road in good condition, 
at 6(cf per ton per mile, the equivalent price of draught 
will be upon hard turf, 7^d, ; hard loam 94rf.; ordi- 
nary l^e-road, I5. 7rf.; newly gravelled road, 2s, 2d; 
loose %ndy road, 3*. Id, — Pkihs. Mag, 

The power of some dogs is very extraordinary. Nine 
Elsquimaux dogs, belonging to Captain Lyon, dragged 
1611 pounds one mile (1760 yards) in nine minutes, 
and worked in this manner for seven or eight hours 
a day. 

/f%y is it so disadvavtageous to propel boats on canals 
by means of horses 7 

Because the expenditure of animal strength takes 
place in a far greater proportion than the increase of 
speed. Thus, if a horse of a certain strength is barely 
able to transport a given load ten miles a day for a 
continuance, two horses of the same strength will be 
altogether insufficient to transport the same load twenty 
miles a day. To accomplish that a greater number of 
similar horses would be requisite. If a still greater 
speed be attempted, the number of horses necessary to 
accomplish it would be increased in a prodigiously 
rapid proportion. This will be evident, if the extreme 
case be considered, viz., that there is a limit of speed 
which the horse, under no circumstances, can exceed. 
In an ordinary canal one horse with a boat vnll be suf- 
ficient for every thirty tons. 

Why is a man better enabled than a horse to carry a 
toeight up a steep hiU 7 

Because the peculiar disposition of the limbs of a 
man, renders him well fitted for this species of labour; 
whereas it is the worst method in which a horse can 
be employed. It has been observed that three men 
climbing a hill, loaded with lOOlbs. each, will ascend 
with greater speed than one horse carrying 3001bs. 

The average value of human strength, considered 
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as a mechanical agent, has been variously estimated. 
Desaguliers considers that a man can raise the weight 
of S^lbs. ten feet high in a minute, and continue to 
do so for six hours. Smeaton, however, thinks that 
six good English labourers will be requiredw raise 
21,141 solid feet of sea- water to the height of four feet 
in four hours. In this case, they will raise very little 
more than six cubic feet of fresh water each, ten feet 
high in a minute. The labourers whom Smeaton 
supposes to execute this work he considers to be equal 
to twice the number of ordinary men. It would, 
therefore, perhaps, be a fair average value of a man's 
work to estimate it, for a continuance, at half a hogs- 
head of water raised through ten feet in a minute. 

The efforts of men differ with the manner in which 
these efforts are employed. It has been shown by 
Mr. R. Buchanan, that the same quantities of human 
labour employed in working a pump, turning a wheel, 
ringing a bell, and rowing a boat, are as the numbers 
100, 167, 227, and 248. The most advantageous 
manner of applying human strength is in the art of 
rowing. — ^The strength of an ordinary man walking in 
an horizontal direction, and with his body inclining 
forward, is, however, only equal to 271b., and it is 
known by experience, that a horse can draw horizmir 
tally as much as seven men. 

Why is the potoer of a steam-engine expressed in 
horsepotoer^ 

Because this mode was introduced when steam en 
gines first began to supersede horse mills, when the 
manufacturer naturally inquired how many horses a 
steam-engine would dispense with. Hence the ex- 
pression is more practical than scientific. 

The power of a horse is understood to be that which 
will elevate a weight of 33,000* pounds, the height of 

* Another estimate reduces this to only 22,000 pounds, raised one 
foot high in a minute, equivalent to 100 pounds in two mileB and a 
half per hotir. 

p 3 
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one foot in a minute of time, equal to about 90 pounds 
at the rate of four miles an hour. This is a force 
greater than that exerted by a common cart horse, 
which is not estimated at more than 70 pounds : that 
is to ^, that a horse harnessed to a cart, weighing, 
with its load, forty cwt. or two tons, and drawing on a 
level road at the rate of four miles an hour, makes use 
of the same force, as if his traces, instead of being 
fiistened to a cart, were passed over a pulley, and lift- 
ed perpendicularly a weight of 70 poimds. 

A steam-engine consumes about 20 feet of steam 
per minute for every horse-power. — JVotes in Science, 

RAILWAYS. 

Why are railways more economical than ordinary 
roadsj 

Because, to drag a loaded waggon up one inconsid- 
erable hill, costs more force than to send it thirty or 
forty miles along a level railway ; and the conclusion 
follows, that although the original expense of forming 
the level line might materially exceed that of making 
an ordinary road, still, in situations of great traffic, the 
difierence would soon be paiid by the savings; and 
when once paid, the savings would be as profit ever 
after. — Amott, 

By way of illustrating the great economy of ma- 
chinery, we may observe, that in Sedjah, (where the 
Arabs obtain fine millstones) " their unskilfulness and 
want of prop)er implements adapted to their labour, 
with the expense of carriage from the quarry to the 

E' ice of sale, each stone requiring a single camel, 
heel carriages and good roads being entirely un- 
own) occasion an advance above the prime cost at 
which they might be hewn in England, of at least 500 
per cent, each pair of stones costing from ten to twen- 
ty pounds sterling." — Buckingham's Travels, 

Wku has a suspension railway been represented as 
mon idvanlagt^fhm a gmitul raaroad i 
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Because the former takes a straightforward point 
from one town to another, without regard to the sur- 
fiice of the country over which it has to go, whether 
riang or falHng, a perfect level being obtained by 
"wuying the heights of the pillars or piers whkh sup- 
port the railway ; while its height above the^ound 
allows agriculture and commerce to go on under it 
without interruption. The cost of a suspension rail- 
way has been estimated at £1,400 per mile, which is 
about two-thirds less than the average expense of a 
.ground railroad. Models of a suspension railway, and 
^carriages adapted to it, were recently exhibited in Lon- 
don, by Mr. Maxwell Dick, their inventor. 

Wly is wrought iron preferable to cast iron for rail' 

4JD€ms7 

Because by wrought iron rails we reduce the num- 
her of joints ; the difficulty of making the rails perfectly 
even at the joints, has also contributed much towards 
the introduction of wrought iron. 

Edge railways were first made of wood, near New- 
castle ; these were next covered with plates of wrought 
iron in the parts most likely to wear. Cast iron was 
subsequently introduced there and elsewhere; and 
wrought iron is now being very generally substituted 
for the cast. 

Why has it been proposed to transfer the power of fixed 
and cheap first movers to locomotive carriages^ Sfc. travel- 
ling on common turnpike roads ? 

Because the power of a steam-engine, moving with 
the locomotive carriage, is very expensive when com- 
pared to an equal power obtained by a large ordinary 
fixed engine, a wind or water mill, or other common 
first mover. Mr. Fordham, the originator of this plan, 
proposes to condense air into cylinders, and then to 
use this condensed air as the motive force. 

Jfhy has the application of steam to land carriages 
been so long a favourite project toiih mechanicians^ 



56 KITOWLEDOB FOR THE PEOPLE. 

Because the transitioD from the one element to the 
other appears, at first view, to be so simple and easy : 
the same mechanical process which turns the paddle 
wheels of a vessel in the water, would seem quite ade- 
quate to impart a similar motion to the wheels of a 
carria|l on land. So early as the year 1769, Mr. 
Watt mentions the practicability of applying it to 
domestic improvement, though it does not appear that 
Watt gave motion to a carriage. Symington, who 
claims tlie original invention of the steam-boat, had 
previously contrived a similar application for the im- 
pelling of carriages; and actually exhibited, in the 
year 1787, in Edinburgh, the first model of a steam- 
carriage that was perhaps ever seen. Hence we may 
conclude that the repeated failures in the plan have 
not been occasioned so much by the want of practical 
skill, as by some radical difficulty which had not been 
sufficiently adverted to. 

The steepest inclined planes which, as far as we are 
aware, locomotive engines have attempted to surmount, 
are those on the Bolton and Leigh railway, in Lan- 
cashire. One of these planes is a mile and a half 
long, and rises one yard in thirty. Up the former of 
these the Sans PareU engine ascended, drawing afler 
her her tender carriage with coal and water, two 
waggons loaded with iron, and a carriage with passen- 
gers, making a gross weight drawn, of about fifteen 
tons ; with which she moved at the rate of nine miles 
per hour. Up the steepest plane (rising 1 yard in 30) 
she drew her tender, and one carriage with passengers, 
the gross weight being about four tons fifteen cwt., 
vnth which she ascended at a speed of from nine to 
eleven miles per hour; each of^ these performances 
beinff equal to about sixty-five tons drawn on a level. 
— JSmte to Quarterly Review. 

Why was the difficulty iust adverted to greater ia the 
land carriage than in the boat 7 
Because of the resistance to the progress of the 
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carriage by the inequalities and other obstructions on 
the roads. It is not here as in navigation, where the 
most enormous weights are buoyed up by the liquid 
element, without increasing, in the same degree, the 
refflstance to the vessel. Every additional load to a 
land carriage creates an additional resistance, arising 
from inertia, friction, and other such impediments, 
exactly in propdrtion to its weight. — Quarterly Review. 

Why dots the progress of locomotive engines on rail- 
roads appear so eodraordinarxf 9 

Becaaae we compare then* moving power and resist- 
ance wit^ other moving powers and resistances to 
which our minds have oeen familiar. To the power 
of a steam-engine, in feet, there is no practical limit ; 
the size of the machine and the strength of the ma- 
terials excepted. This is compared with agents to 
whose powers nature has not only imposed a limit, 
but a narrow one. The strength of animals, as just 
shown, is circumscribed, and their power of speed 
still more so. 

Whf are railways usually laid doom in double 
lines? 

Because carriages, moving in opposite directions, 
may pass each other without interfering. In the same 
manner, a third or fourth, or more lines, may be laid 
down, if necessary ; and, between them are conunu- 
nications, at intervals, by which any carriage overta- 
• king another in the same track, may turn aside to one of 
the adjacent lines, and pass it, without stopping either. 

The Chevalier Baader, of Munich, has contrived a 
plan for this purpose, so that no siding planes nor 
turning plates are necessary ; and turning can be per- 
fiumed almost as quickly and as easily as upon a 
common turnpike road. He has also constructed 
waggons, so that upon a dead level, the power of one 
horse is sufficient to draw with ease, and at a good 
pace, a load of from twelve to fourteen tons, when 



divided amongst severo] carriascH linked togelheav 
Tha Chevalier also ainiHa that he has diat^overed a 
new principle, hy which the poirer and motion of 
staEiouary stcam-enf^ineB, and other machines, eatab- 
Uahed at considerohle dimaucea apart, along die rml- 
roada, and worthing without interruption, can be im- 
parted to any number of loaded can-iages pasdng 
upon the railway, from one steam-enmne or machine 
to another, without the eoiplo^ont of drag-ropea or 
chajna, or, indeed, of any mtermediate apparalua ; 
and jet with atiy reaaonoble degree of veloci^. These 
extraordinary Btatementa are mode in the Franilia 
Journal, 1830. 

fFhg art the rMwionee* which occur on a raSteiy 
rather diminished than intneued by vdociti/ of molion ? 

Bec^auae tlie quicker we move alung, tliure is tha 
less time fur the retarding force to operate ; by iu- 
crenaing the rapidity, we escape, in some degree, from 
its influence, and may really be urged forward mth a 
smaller amount of force, provided the machinery bo 
adapted to so quick a rate of motion. — (fuarhriy Revieie. 

H'hy has a tubular hoUer, or atie composed of incldid 
iron pipes, been adopted by Mr. Gumey, in his steam 
carriage? 

Because, even from the bursting of auch a boiler, 
there ia not the most distant chance of mischief to Qte 

Eassengeis. Instead of being, as in ordinary c&ae% i 
irge vessel ctoaed on all sides, with the exception of 
tlie valves and steam condiiclorfi, which a high pres- 
sure or accidental defect may buret, Mr. Gurmqrti 
boiler conasts of a horse-slioe of pipes, and the s| 
between them is the furnace ; the whole being ei 

Bed witli ahoet-iron. The only possible accident w 

therefore be the bursting of one of these pipea, and ■ 
temporary diminution of the steam power, according 
to the proportion the pipe bears to the whole boiler. 

ffhy icere two sleam ailindera introduced instead^ 
one, ill Die early locomotive engines 1 
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Because, by acting at different parts of the wheels, 
they produced a much more regular motion than for- 
merly, and rendered unnecessary a fly-wheel, which 
had hitherto been used. - 

Hhy were the ecaiy engines so injurious to the 
railway'} 

Because of their enormous weight, amounting to six 
or ei^t tons, exclusive of the tender for water and fueL 
The Kocket, lately constructed by Messrs. Stephenson 
and Co. of Newcastle-upon Tyne, weights only four 
tons five cwt.; and the Novelty, by Messrs. Braith- 
waite and Ericson, weighed but two tons fifl;een cwt. 

Why is a low chimney desirable^ as in the JVoveUy 
engine f 

Because it enables the proprietors of the railc^ay 
to reduce the height of all the bridges under which 
the engines must pass, m crossing any of the public 
as well as private roads. It will admit of a deduction 
of seven or eight feet from the height of the mason- 
work in every such bridge. What a saving, then, must 
this produce in the original cost of a railway, through 
a cultivated country, where these bridges must fre- 
quently occur. — Quarterly Review, 

Why is it no longer necessary to lay out railways on a 
perfett level f 

Because engines have already been made to draw 
carriages up incUned planes rising one yard in thirty, 
and one yard in seventy-two, at the rate of from nine 
to eleven miles an hour. Hence we are enabled to 
vary the levels, and adapt them to the undulating 
nature of the country through which the line passes. 

Why are steam carnages for the conveyance of goods, 
expected to improve the internal intercourse of this coun- 
try in a very important degree ? 

Because it is calculated that the carriage of ^oods, 
which is now about 9d. or lOrf. a ton per mile, by 
land, would thus be reduced to %L ; and, in point of 
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speed, one dny woiiM do tho work of four. The 
heavier r-nmmnriiiiivi, fiich as com, pcFtatoPs, coals, 
&r. woiiM henrihc pvppriscof carriaga for a hundred 
mtlea; Iheexpenac of living in great tovms would be 
reduced, and the price of raw produce would riae in 
remote parts of Ihe coiiDtry. 

Again, " with bo p^at a farility and celerity of com- 
municatioD, Ilie provincial lowns of an empire would 
become ao many suburl)s of tlie metropolis, or rather, 
the efiect would be similar to that oi collecting the 
whole inhabitants into one city." — Scotsnuai jiita- 

Another great source of revenue and of trade, Irom 
this improved mode of inleri-oiiree, (obaerves ihe Quar- 
terluRevietD) would arise from the convevancn of 
those fine goods, parcels of valtie, and all light articleB, 
where speed and certainty arc required ; and which 
are now sent, at great e:i|>ense, by coachcB. In this 
manner the scats of the venous liner Bj3d Ughter 
msnufocturps would be brought almost into immedi- 
ate coDtact vritli the p^at markets for their disposal. 
A merchant in London, on receiving any particukr 
order, might send cither to Nottingham, to Birming- 
ham, or to Sh«lfl<Jd, or nren to Manchester or Leeds, 
and have the goods in bis shop rhe next or following 
day, at an expense not exceeding Is. Gd. or 2t. 

Lastly, the rapid circulation of intelligence. Ttu) 
mails might travel safely at 25 miles an Jiour, aad 
letters lie conveyed between London and Edinburgh, 
a distance of 4IX) miles, in IS hours ; so that en event 
happening in London, would be known in Edinburgh 
the same day. 

As an example of the difHcidlies of iniemal naviga- 
tion, before the introduction of steam for that piimose, 
it may be mentioned that, on the great river Miesissip- 
pi, which flows at the rate of five or six miles an hour, 
It was the practice of the boatmen, who brought 
down the produce of the interior to New Orleau^ W 



Orleana, W I 
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break up their boHts, srII the timber, Hnd sfterwarde 
relum home slowly by Innd ; and a voyage up tbe river 
from New Orleans to Piitshiirgh, a dialance of about 
two thousond miles, could hardly be accomplished, 
with the most laborious e^orta, within a periud of Ibur 
months. Tliis voyage is now made by iteani'hotu, 
with eaae, in 15 or 30 days ; and at the rate of not less 
than fire miles an hour. 

Why movld ileam be adtmntn^eous for propcRing 
jUmighs and other agricidticral impleoKnls ? 

Because, independently of the saving- of horses and 
their food, the fermer would never he obliged to work 
his soil, but when it was in a proper coodition for that 
purpose. Mr. Loudon thinks thai to apply steam suc- 
cessfljlly to agriculture, the engineer ought 
' nplement, but «mply " 



for anew implement, but «mply fora 

motive power for propelling the implements already in 

use, modified so bh to suit Uie new impelling power. 

fFhy are Iht locomofive en^nes so advarUageota for 
the eanveyanct 0/ patsengers? 

Because lliey admita rate of speed that would be en- 
tirely inconsistent with safety, even alriiough il were 
EracticaWe to attain it with animal power. It would 
B still impnident, however, 10 adopt the utmost tmte 
of thirty miles, because sucli an unusual rate of velo- 
city, surpassing that of the swittpfit horse, would ho 
alarming, if it were not dangerous. At the rate of 
twenty miles an hour, however, it might be perftctly 
practicable to travel with the utmost safety and com- 
fort. The economy of the plan may be iUustrated as 
follows r — Between Liverpool and Manchester, we may 
safely estimate the number of passengers every day at 
400 each way, and tlie average tare to be about eeven 
shillingB each ; the daily expenditure will amoimt, ta 
this manner, to about 3601. By the uae of ateani- 
ooaches, the fares will be reduced to two-ibiUiiigl 
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Dnd sixpence, and would thus amoiinl only to lOOE. 
per day, making a daily saving of ISOt^ or upwards of 
60,0001. pet aunum. 

Tbe expense of the Liverpool and AIoncheBter Rail- 
way, is now estimated at upwards of 30,0002. lor each 
mile ; Ibe whole cost amounting to 820,0002. 

The rails used OD the Liveqwol and Manchester road 
are made of forged iroD, in lengths of five yards each, 
and weigh thirty-five pounds per yard. Every three 
feet the rails rest on blurkaof stone, let into the ground, 
containing eaeli nearly four cubic feet. Into each 
block, two boles, six inches deep, and one inch in dia- 
meter, are drilled ; into these are driven oak plugs, 
and the cast-iron chains or pedestals, into which the 
rails are immediately fitted, are firmly spiked down to 
the plugs, forming a atnicture of great solidity and 
stren^b. Tbe double lines of nuls for the carriages, 
ftre laid down with inaibemutiuul correctness, and con- 
sist of four equi-distant rails, tour feet eight inches 
apart, about two inches in breadth, and ri^ng about 
an inch above the surface. In the formatiou of the 
railway, there have been dug out of the different ex- 
tioDs, upwards of three millions of cubic yards of 
e, clay, and soil. 



Jffty is lual so impoTtant in Ou prodiuthn qf mechan- 
ical a^nU? 

Because bodies, whether liquid, solid, or terifbnn, 
exert a certiun degree of mechanical force, in the pro- 
cess of enlarging tlieir dimensions, on receiving an 
accession of heat ; and any obstacle which opposes thie 
enlargement, Gustatna on equivalent pressure. This 
force isfi'equently used as a mechanical agent, and has 
this to recommend it, that it may be produced to al- 
most any degree of intensity, without the expenditun 
of any other mechanical force in its production. 
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It is not requisite to enter theoretically into the pro- 
duction of heat, since the subject has already been 
popularly illustrated in the present work.* 

Why is the steam-engine mvjch more inteUigible^than 
its name first suggests ? 

Because it is m fact only a pump, in which the fluid 
is made to impel the piston, instead of being impelled 
by it, that is to say, in which the fluid acts as the 
powevy instead of being the resistance. It may be de- 
scribed simply as a strong barrel or cylinder, with a 
closely filled piston in it, which is driven up and down 
by steam, admitted alternately above and below from a 
suitable boiler ; while the end of the piston-rod, at 
which the whole force may be considered as concen- 
trated, is connected in any convenient way with the 
work that is to be performed. The power of the engine 
is of course proportioned to the size or area of the pis- 
ton, on which the steam acts with a force, according to 
the density, of from 15 to 100 or more pounds to each 
square inch. In some of the Cornish mines, there are 
cylinders and pistons of more than 90 inches in dia- 
meter, on which the pressure of the steam equals the 
efibrts of 600 horses. — AmoU. 

The steam-engines in England represent the power 
of 320,000 horses, equal to 1,920,000 men, and being, 
in fact, managed by only 36,000 men, add conse- 
quently to the power of our population, 1,884,000 men. 

The cost of a steam-engine varies according to its 
power. The smaller cost nearly lOOZ., for each horse 
power, the largest not quite 400Z. The consumption 
of coal is rated at one bushel, or 84 pounds per hour, 
for an engine of ten-horse power ; the quantity is some- 
what less in proportion in engines of great power. 

Why is there a large vibrating beam in the steam-en^ 
gme^ 

Because, one end being connected with the piston- 

* See Part V., Chemistry.— JSTeot, p. 91 to 35. 
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rod, is pulled do^vD, while the power of the engine is 
applied at the other end to any mechanical purpose. 
Thus, wlien connected with immense water-pumps, it 
causes almost a river of water to gush out from the 
bowels of the earth. 

Why are the improved paddle-wheels of steamrhoids 
made to enter the water siaeivays ? 

Because they give the propelling stroke direct, 
whereas the ordinary wheels press the broad face of 
their paddles on the surface of the water, and thus 
increase the resistance. 

Why are steam-engines of such important tise in 
mining ? 

Because they speedily raise the water which breaks 
in on the miners. 

The practical adaptation of the steam-engine to me- 
chanical purposes, is considered by Mr. Davies Gilbert 
as due to Mr. Newcomen, whose inquiries were in- 
troduced into Cornwall very early in the last century, 
and soon superseded the rude machinery which had, 
till then, been employed for raising water from mines, 
by the labour of men and horses. 

The various applications of steam-power would oc- 
cupy many pages : if we except its adaptation to the 
motion of carriages, perhaps few of its effects are more 
astounding than in the manufacture of iron. Thus, 
there are factories where this resistless power is seen, 
with its mechanic claws, seizing masses of iron, and 
in a few minutes delivering them out again pressed 
into thin sheets, or cut into oars and ribands, as if the 
iron had become soil, like clay in the hands of the 
potter. 

The annual product of the foundries of Messrs. 
Crawshay and Co. in Glamorganshire, is 11,000 tons 
weight of pig-iron, and 12,000 tons of iron in bars. 
A steam-engine of the power of 50 horses, and a water- 
wheel of 50 feet diameter, work the cylindrical blow- 



ing-machines, which are indiopenBably Decesaaxy in 
Ac use of coke, and tlio other machinery of the watka. 
Thk enormouH water-whe«I ia kept in motion by tiiB 
pressure of 35 tons of water per minute. The es- 
tablishment employs from 1,500 to 2,000 workmen, 
fbrming, with their jamihes, a population of 4,000 per- 
BODs. The sum total of tlieir wages amounts anmiaUy 
to from 70,0001. to 80,000i. 

Such has been the pro^reHBive improvement in the 
Bteam-engine, that in 1S2!), the best engine in Cam- 
wall did ten times the work of any engine in 1778 ; or 
each bushel of coals raised 20,000 gallons of water. 

M. Dupin estimates the steam-engines of France 
equivalent to the power of 480,000 workmen turning 
a winch ; and it is calculated by the same writer, that 
Great Britain possesses, in steam-engiDes alone, a 
moving power equivalent to that of 6,400,000 men 
employed at the windlass. 

ffhy do high pressure differ from lore presiurt en- 
gines? 

Because, in high pressure engines tlio steam ia not 
condensed ; but after having acted on the piston, is 
allowed to blow off into the air; whereas, in low 
pressure engines it passes into a separate vessel, where 
it is condensed ; on which account, and for other rea- 
Bons, low pressure engines do not suit a mil-road. 
High pressure engines occupy less room, require lesa 
fuel than low pressure enpnes, and their power can 
be increased on emergencies, by merely increanng the 
fire; but the risk of damage from explosion is con- 
mderable. Their principal purpose is to savo water, 
but this is always abundant in navigation. 

The principle of high presaiu^ steam-engines de- 
pends on the power of steam to expand itself, 5, 10, 30, 
30, 40, &;c. times beyond its original bulk, by the 
addition of a ^ven portion of heat, which is enected 
by increamng the pressure. | 

k J 



Under mean presaiire, at the temperature of 
SIS'", (die boiling puiut) tbc btilk of ste.iDi ia 1,600 
ttines that of water ; or, as u ready riile for calcula- 
tion, a cubit iucb of water proJucea about a cubic 
loot of Hteam, Tbe lalenl lieat of ateam is about 960". 
fThy it Broien'sPneunuilicETigiTieatptci^sqfiUem- 
Becaaae ite principle is a very sudden expannon 
and condensation, not of the gases used in the opera- 
tioD, but of the small quantity of water formed bythe 
combustion of the hydrogen, with tl>e oxygen of the 
atmospheric air, admitted into the cylinder at every 
srroice of the engine. The difference between this and 
a eteam engine is, that the elastic and condensable 
fluid is generated at a higher temperature from mate- 
rials admitted into the cylinder itself. The extent of 
the vacuum produced mual depend on the tempera- 
ture at which the combustion takes place. — Ab(e« in 
Seitnet. 

Why is the fxplonvt engim so called? 
Because it is set in motion by the esploaion of oil 
gas and atmospheric air, the niechanicBl force of tbe 
esploaion being employed to drive tbe tnaehinerv, 
Percuiaion powder, and otlier substances that explode 
by contact, may eventually be employed for the same 
puipose. 



Whj ia Ou printing-preas invaited by Lord StaiOiopt 
to tupenor to the teooden preis, or that premoualy in uw f 

Because tlie SCauho[>c press is composed entirely of 
iron ; the tahle on wluch the types rest, and the plat- 
ten (or surface which gives the impression) are made 
perfectly level; a beautiful combination of levers ia 
added, to give motion to the screw, causing the platton 
la descend with increaaina rapidity, and consequently 
with increasing force, till it reaches the type, when a 
Toy great power ia obtained. There have beep, per- 
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haps, twenty contrivances for obtaining the same effect ; 
but, as a press. Lord Stanhope's invention has not been 
surpassed. Still, it is only a press, and in point of 
expedition has little superiority over its wooden rival, 
producing 250 impressions per hour. 

It is a remarkable fact, that from the invention of 

Erinting to the year 1798, a period of nearly three 
undred years, no improvement had been introduced 
into this important art.* 

A mere outUne of the improvements from this period 
would occupy many pages. The great triumph in the 
art has, however, been the substitution. of cylindrical 
machinery for the screw-press. The suggestion of this 
improvement belongs to Mr. W. Nicholson, but the two 
first working machines were erected by Mr. Koerd?, 
for printing the Times newspaper, the reader of which 
was told, on Nov. 28, 1814, that he held in his hand 
a newspaper printed by machinery, and by the power 
of steam \ 

In these machines the type was made to pass under 
the cyhnder, on which was wrapped the sheet of paper, 
the paper being firmly held to the cyhnder by means 
of tapes ; the ink was placed in a cylindrical box, from 
which it was forced by means of a powerful screw de- 
presong a tightly-fitted pist __ , thence it fell between 
two iron rollers ; below these were placed a number of 
other rollers, two of which had, in addition to their 
rotatoiy motion, an end motion, i. e. a motion in the 
direction of their length ; the whole system of rollers 
terminated in two, which appUed the ink to the types. 
In order to obtain a great number of impressions from 

♦ Mr. Buckingham saw in a convent on the mountains of Lebanon, 
a printing-press and Syriac types, from which the monks produce their 
church-books, quite equal to' those at Rome. The press nearly resem- 
bled in shape the common printing-press used in England. It it 
there considered a mystery, as " they had never yet had an European 
here, who had ever seen the mechanical operation of printing in Eu- 
rope." Other monks in the same convent were employed in weav- 
ing, masomy, carpentry, &c. 



the same form, a pnper cylinder (i. e. the cylinder on 
wliit^li llin pnpi^r is wrapped) whb placed on each rade 
the iiikiug Bp|iarfltiis, tlie form pasaing under both. 
This inucli ill prod uct'd ],10O impressions per hour; 
Riihseqiient improvements niiscdlhem to 1^0 per hnur. 

The next machine, also by Mr. Koenig, was ftr 
printing hoth sides of the sheet, by conveying' the sheet 
Irom one paper eyhnder to the other. This was made 
in 1815, and printefl 750 sheets on both sides per hour, 
lu Ilie same year Mr. Cowper ohtained a jHiient for 
cttrring slereotypE plates, for fixing thfim on a cylin- 
der. Several of these machines, capable of printing 
1,000 sheets per hour on hodi sides, are at work at the 
preseut day ; and twelve machines on this principle 
were made for the Bank of Eiiglond, a short time pre- 
vious to tlie recent issue of gold. These macluncBi 
though only adapted for Elereolype printing', firHt show- 
ed the best metliod of furnishing, distributing, and ap- 
plying the ink by rollers. 

Messrs. Applcgath and Cowper liave, however, 1^ 
tlieir conjoint ingenuity, superseded Mr. Koenig^j in- 
ventions, and constructed upwards of fiO machines, mo- 
dified in twenty-five different ways, ibr printing books, 
bank-notes, newspapers, &c.; their gi-eatest suecasH 
has ijeen in printing newspapers. In the T^mti 
machine, whicli was planned by Mr. Applegath, the 
form passes tinder four printing cylinders, wJiich are 
fed wilh sheets of pajier by four lads, and after the 
sheets are printed, tliey pass into tiie hands of four 
other lads ; hy (Ids contrivance 4,000 sheets per hour 
are printed on one side. 

The comparative produce of the above macbinea is 
as follows : — 

KwnieCinacbina ... ],eDai.e. SOI} on both (Idu 

Cowper'e (Bleieotype) - - Q.400i.c, 1^00 dliu. 

Applegaib md Cnwiier's (book) a,0O0 j. c 1,000 ditto. 
DllID (ncwBpaper) Chmnicle - SfiOB 
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We have principally abridged these facts and data 
jfrom a valuable paper communicated by Mr. Cowper, 
one of the mventors,to the Royal Institution, and sub- 
sequently to the Quarter/^ Journal of Science^ hi the 
year 1828. 

The mach ine for printing the AUaa newspaper, (each 
copy of which, in some cases, has contained 40 feet of 
prmted superficies) consists of two larger and two lesser 
cylinders, put in motion by a steam-engine of 4-horse 
power, managed by three boys, whose only task is to 
present the end of the enormous blank sheet to the 
first cylinder, and to receive it, in a few seconds, printed 
on both sides, as it is discharged by the last cylinder. 

Why wUl some machines prodvce paper of indefinite 

Because in them the pulp is delivered from the 
trough to an endless web of wire, passing over cylin- 
ders, which are turned by steam, or any other prime 
mover. From the wire web it passes between two roll- 
ers to an endless web of felt, which passes over other 
cylinders, and between two other heavy rollers, for the 
expression of the water ; the paper is thence wound 
upon a reel, and when a sufficient quantity is received 
on it, the paper is cut off, and removed to the drying- 
house. At White Hall Mill, in Derbyshire, a sheet of 
paper was lately manufactured which measured 13,800 
feet in length, 4 feet m width, and would cover an acre 
and a half of ground. 

Why does heatinsc books with a hammer cause the 
printinf^ to " set dff*^ on the opposite pa^e ? 

Because the blows suddenly compress the air be- 
tween the leaves, and create heat which disturbs the 
ink. 

Why has pressing been advantageously substituted fof 
this beating^ 

Because it renders the books extremely compact 
and solid, by passing the sheets, when folded^ between 
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a pair of powerful rollers, by which much time is saved, 
the paper is made smoother, and the compression, 
though greater, does not disturb the ink. A rolled 
book wiU thus be reduced to about five-sixths of the 
thickness of the same book, if beaten : a shelf, there- 
fore, that will hold fifty books beaten in the usual 
manner, will hold nearly sixty of such, if rolled. — 
TVans. Soc» Arts, 

Why are knives sharpened hy being dratcn between two 
horizontal rollers, as in ^ the patent knife-sharpener 7^ 

Because the rollers revolve freely upon tneir axis ; 
and at imiform distances are fixed narrow cylinders, 
or rings of steel, the edges of which are finely cut 
with fUe teeth, forming thereby circular files ; the edges 
of these files overlap or interaect each other a Uttle, so 
that when a knife is drawn between them, it operates 
on both sides of the edge at once ; and as the rollers 
turn round at the slightest impulse, the peripheries of 
the circular files get uniformly worn, and consequently 
will last a long time. 

Why does the transparent dial of St, Gileses church, 
London, light itself vnth gas ^as soon as the sun sets at 
night, and put out the light when the sun rises in the 
morning ? 

Because a wheel is connected with the clock, which 
makes but one revolution in twenty-four hours ; and 
on this is placed a series of pins, which, by their revo- 
lution with the wheel, tend to raise a lever connected 
both with a gas-cock and a movable screen. The 
gas which illuminates the dial is burning at all times, 
but the consumption during the day is comparatively 
small, as the lever opens and shuts the aperture by the 
motion of the large wheel ; so that a person in the im- 
mediate neighbourhood of the clock would see little 
more than a faint indication of flame during the day 
light ; but at evening the lever opens the aperture to 
its full size, and lets forth a brilliant flame. The 
movable screen completely cuts off" any portion of light 
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which might otherwise pass from the partially closed 
bmner. — Mr. C. F. Partingtoriyin the Atlas JVewspaper, 

Why are the faces of mamf new public clocks made of 
stone instead of metal ? 

Because stone being an absorbent, and not so good 
a conductor of heat as metal, the paint adheres better 
and lasts longer, and does not require to be renewed 
so often as on the copper diaL Another advantage of 
the stone dial is, that the centre can be sunk, and the 
hour hand made to traverse in tjje sinking. This en- 
ables the minute-hand to be close to the figures, and 
then almost all error from the effect of parallax is 
avoided, which in the copper dial is very considerable ; 
especially when the minute-hand points at or near 15 
and 45 minutes, and the hands are both above the 
dial. In the stone dials of Chelsea new church, and 
the Royal Mews, Pimlico, the figures are Hiut in the 
stone, and sunk about the eighth of an inch, after the 
manner of the Egyptian monuments, from which was 
derived the idea. By this method, supposing the dial 
accurately divided, and the figures well shaped in the 
first instance, they will always remain so. — Mec. Mag, 

The originator of this improvement is Mr. VuUiamy, 
the eminent horologist. 

Why is the Diorama so called ? 

Because of its origin froia the Greek, signifying two 
views, of which this exhibition consists. These pic- 
tures are painted in solid, and ui transparency, arran- 
ged and lighted in a peculiar manner, so as to exhibit 
changes of hght and shade, and a variety of natural 
phenomena. The means by which these changes are 
effected, may ])e explained as follows: — ^The contri- 
vance is partly optical, partly mechanical ; and con- 
sists in placing the pictures within a building so con- 
sti'uctod, that the saloon containing the spectators may 
revolve at intervals, for the purpose of bringing in 
succession two distinct pictures into the field of view, 
without the necessity of^ the spectators removing from 



73 KNOWLEDGE FOR THE PEOFLB. 

their seats ; while the scenery itself remains stationanr, 
and the pictures therefore admit of an improved metn 
od of distributing light, by which they are illuminated, 
so as to produce the effects of a variable picture. 
This is performed by means of a number of trans- 
parent and movable blinds, some of which are placed 
t)ehind the picture for the purpose of intercepting 
and changing tlie colour of the rays of light, which 
are permitted to pass through the semi-transparent 
parts of the picture. Similar blinds Are also situated 
above and in front df the pictures, so as to be mova- 
ble by the aid of cords, and by that means to distribute 
or direct the rays of light which are permitted to fall 
upon the front of the scene. 

The extent of revolving motion given to the saloon, 
IS an arc of about 73'^ ; and during the time that the 
audience is thus passing round, no person is pemntted 
to go in or out. The revolution of the saloon is effec- 
ted by means of a sector, or portion of a wheel, having 
teeth formed upon its edge ; these work in a series of 
wheels and pinions, so that one man placed at a winch 
is enabled to eive motion to the whole. 

The space between the saloon and each of the two 
pictures is occupied on either side by a partition, form- 
mg a kind of avenue, proportioned in width to the 
size of the picture ; without such a precaution, the 
eye of the spectator being thirty or forty feet distant 
from the canvass, would, by any thing intervening, be 
estranged from the object. The views are eighty-six 
feet in length and forty-five feet in height. — wiUas. 
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ARTS AND MANUFACTURES. 



Why haut commerce and the arts an irtdirecl in^u- 
enee vpon industry ^ 

Because il ^igiiiliee nothing as to the main purposes 
of trade, how Huperlluoua the articles wliich ii funiislies 
are; — whether the want of them be real or imapuary : 
— whether it be founded in nature or in opinion, in 
fhahion, habit, or emulation ; — it is enough that they 
l>c actually desired and sought after. Flouriahiug 
cities are raised and supported by trading in tobacco ; 
populous towns sulisist by tlie manufactory of ribands. 



n order to (ibtaiii tlie watch, die true deaan of trade 
is answered ; aiid the waichmalter, while fie jmhshoi 
the case, or £les chn wheel of his machiue, is con- I 
tributing 10 the production of com as effectually,.] 
tliough not so directly, as If he handled the spade or 
held the plough. Toluicco is an acknowledged super- 
fluity, and offorda a remarkable iitstance of flic caprice 
of human apjiotito ; yet, If die fisherman will ply his 
net, or tlie mariner fetch rice from other countries, in 
order to procure to himself this indulgence, the market 
is supplied with two important articles of provision, 
by the instninientalily of a merchandise which has no 
other apparent use than the gratification of a vitiated 
pnlaie.* — Poiej. 




L KHDTIXDflX POa THE FBtWLE. 

IfTiT/ dots commere.t ni Iht same tmie aupplg on end- 
lax variOii of neio proi/udiima, and midliplj/ and cheap- 
en those that are pecviiar to every couniru? 

Because it eimbbs each separate people to emplOT 
iheniselveB JD prcftrrnpu in tiiosedepartmectB in which 
they enjoy some iiaiuml or acquired advantage, while 
it openB the markolH of the world to their productions. 
I When the demand for a cotnniodily is confined to a 

pBTticiUtir country, hb booq bh it is supplied, imjlrare- 
ment is at a stand. Tlie eubdivision and cnmhrnalkni 
of employments are, in ^I, alwn)^ dependent upon, 
and regulated by, the extent of the markeL Dr- Smilli 
baa shown, that by making a jiroper disiributjoa of 
labour among ten workmen, in a pin niasuftictory, 
48,000 piDS might he produced in a day; and Bince 
his time the number has been nearly doubled. 

Before pins were manufactured in England, £t)0,000 
annually ia said to have been paid tbr tiipoi to fhr- 
eigneia in the early years of Queen Elizabeth; but, 
long before the end of her reign, they were manufac- 

» Hired in lliis country in great quantities. 
The subdivision of the inechanism of a watch into 
150 branches has already been cursorily mentioned,* 
The fifteen principol branches are : 1. The movement 
maker, who divides it into various branches; viz. piltar- 
maker, stop alud-maker, frame-mounter, acrew-maker, 
cock and poteuee-maker, verge-maker, pinion'inaker, 
balance-whed-maker, wheel-cutter, fiisee-maker, and 

I other small branches. 3. Dial-maker; who employs 
a copper-maker, aa enameller, pouiter, 6tc. 3. Case- 
maker; who makes the cose to the frame, employs 
box-maker, outside case-maker, and joint-fi 
4. Pendant-maker ; (both case and pendant ai 
to the Goldsmitha' llall to be marked.) 5. i 
Bfringer and spring-liner ; (he spring and liner txe 
divided into other oraachea ; viz. the spring-maker, 
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button-maker, &c. 6. Cap-maker, who etnplojH 
llie spriugcr, Sie. 7. Jetvelkr, whieli cotn|iriEeB the 
c]ia[> I unil-c titling, setting, making nib^'holes, &c. 
8. Motiou-maker, and other broiK^lieB, viz. slide-maker, 
eilse-mnkcr, and bolt-maker. 9. Spring-maker, (i. e. 
ntoiD-spring] consisting of wire-drawer, &c. ham- 
merer, pobsher, aad temperer. 10. Chain-maker; 
this coniprises several branches, tvire-drawer, link- 
maker and riveller, hook-maker, &c. II. Engraver; 
wlio also employe n piercer and naine-cutler. 12. Fi- 
riehor, who employs a wheel and fusee-cutter, and 
other workers io smaller branches. 13. Gilder ia di- 
vided into two, viz. gilder and brushcr. 14. Glaaa 
and hands; the glass employs two, viss. blower and 
maker: hand-maker employs die-sinker, finiahor, &c. 
15. Fitter-ii!, wiio overlooks the whole, fits hands on, 
&c. Tho above fifteen branches are subdivided again 
and ngnin. 

The manufacture of watch-apiings alao alFords an 
n article mlBcd in prico from one holf- 
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ing for waat^ ^^Mj 
JnB;.it thersn^^^l 
I, the value o(f^^H 
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ppnny to the amount of 35,000 guineas. Thus, t 
pound of cnide iron costs one lialfpwuiy ; it is con- 
verted into Bteel, that steel into watch-springs, every 
one of which is eold for half-a-guiaea, and weigba 
only one-tenth of a grain. After deducting for waat^ 
there ore, in a pound weight, 7,000 graJnB;.it thei 
fore affords steel for 70,000 watch-Bpiings, the value 
Tvtlich, at h^f-a-guinea each, is 35,000 guineas. 

IFhi/ may our collon nutmifaetun bt 
tirdt/'tht rtivU of commerce? 

Because, liad cotton-wool been a native production, 
we could never have made such astonishiug advances 
ID the manutiicture had we lieeu denied bccgsb to 
foreign markets. Notwithstanding the splendid dis- 
coveries in the machinery, and tho perfection to which 
every department of the trade has been brought, the 
vast extent of tho market has prevented its bein^ 
glutted ; and has stimulated our manufacturers — •'■ — 
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improvementB. Our cotton-mills liaye}>een conBtrucl' 
ed, not that tliey niif hi supply the limited demand of 
Great Britain, but that they might eupply the demand 
of the whole wiwld. The BUbdiviaion of labour, and 
the Bcope civen to the employment of machinery, by 
the unlimited extent of the market, has reduced ihe 
price of cottons to less, probably, than a fourth part of 
what it would have been, bad they met with no OiUlet 
in foreign countrica.' The hardware, woollen, leather, 
and other inauufactures, exhibit similar reautts. 

fTky it tteam said to add to the power of our jfopu- 

Because Ihe steam-enginca in England repreaent 
the power of mOfiOD horses, equal to 1,930,000 men; 
and being in fact managed by only 3(1,000 men, they 
mieiit]y add to the power of our population 



Steam navigation, a powerful aid to our commercial 
prosperity, hsa been thus eloquently illustrated by one 
of the most accomplislied orators of our times. Steam- 
boats — " these new and wonderful niacbiues w^ the 
water, like a giant rejoicing in Ilia course ; stemming 
alike the tempeat and the tide; accelerating iuter- 
conrse; shortening distances; creating, as it WGre> 
unexpected neighbourhoods, and new combinationa of 
BoHal and commercial relations; and giving to the 
fickleness of winds and the foithleaancBs of waves, the 
certamty and steadinesB of a highway upon the land." 
— Conniw 's Speeches of l/ivcrpool. 

Accordine to M. Dupin, the human fbrce of Great 
Britun employed iu commerce and nianufacIuroB, is 
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equivalent to 4,264,000,893 effective men; to this 
power there must also be added the power of 250,000 
animals, employed in divers works of industry. These 
will raise the animate force of England and Scotland 
to 6,014,893 ; to which there must be superadded the 
approximating value of 1,260,604 effective men for 
Ireland: so that the commercial and manufacturing 
auunate power of the United Kingdom must be com- 
puted at 7,275,497 labouring men. To this must be 
added tlie force supphed by water, wind, and steam : 
thus: — 

Men power. 
Animate Force ----- 7,275,497 
Mills and Hydraulic Engines - • ], 300,000 

Windmills - 240,000 

Wind and Navigation . - - - 12,000,000 
Steam Engines 6,400,000 

Total Force - - - - 27,115,497 
Ireland- - - . - 1,002,067 

Total - - - - 98,118,104 

In comparison with France, M. Dupin estimates 
these numbers as follows: — The total of the inani- 
mate force applied to the arts, of all descriptions, in 
France, scarcely exceeds the fourth of the same power 
affiled to the same purposes in Great Britain ; and 
the whole animate and inanimate power of Great 
Britain, apphed to manufactures and commerce, is 
nearly triple the amount of that so applied in France. 

Jfhy is foreign trade so beneficial to each party en- 
gaged in it ? 

Because each enjoys the peculiar advantages of the 
respective countries. Thus, wlien we send cloth or 
hardware to Portugal for wine, or to Brazil for sugar, 
we give what is as valuable as that which we receive ; 
and yet both parties gain largely by the transaction ; 
for we get the wine and sugar for what it took to 
produce them in countries that are peculiarly fitted 
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a couutiy where numufiicturingiiiduatry bas been car- 
ried to Ihe highest pitcli of improvement. 

M. Sny, in hJ8 Economie Politique Praliipit, ftiua 
lomlily illuBtrnteB tlje etlcctB of prohibition id trede. 
Duriiig the reign of NapoleoD, vessels were duGpatched 
fi-om Loudon, freightwl witli suenr, coffee, tobacco, 
cottoii'-rwieC, for Snlonieo, (Macedonia) whence these 
articles of merchandise were carried by beasls of bur- 
den, by the way of Si^rvia and Honpuy, to GremiAn; 
oikI Frwice; so thnt on article consumed nl Calai% 
would come from England, ouly twenty milea dietan^ 
by a route which, in point of expense, wxiuld be equi- 
Taleut to a Toyoge twice round the ^ob«. 

A^ain, the history of our own times affords kobbj 
Blrikmg instances of the proliilntoiy effects oCwar upon 
national industry. In Fi-once, the ravages nude by 
the wars of the revolution and of tlie empire upon ber 
population and wealth, have been cstimnted, according 
to M. Dupin, at two millions of men, and 600 miUiona 
of EngUsh money. Every suci'CKding year of peace, 
from 1815 to 1830, haa, hownvor, healed theao severe 
wounds ; private tosies havo bceu indcmnilicd ; houBM 
and factories liuve been rebuilt ; the cattle (md lire 
stock become more numerous than before the vrar, and 
the population iuci-eoaed, in tiiirleen years, by two 
millions and a half of inhabitants. As an example of 
the beneficial effects upon manufacturing industiy; it 
is only since the rceslabliBhraent of tFieir iutercourse 
with England, that the French linvc begun lo use (dt- 
coal in their tumacea, and to substitute the instrunieiit 
called a flatiener, or taminoir, for the lianuner, in. 
beating iron into pintep. , 

TfTry are eeriain natural advantaeta ta a country pn- 
jurfictai to its progress in the arts ? 

Because, provided the mildness of the climnto ren- 
ders clothing and lodging of little iiiipoi-tniicp, and the 
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earth spontaneously pours forth an abundant supply 
of fruits, the inhabitants are immersed in sloth, and 
seem to place their highest enjoyment in being free 
from occupation. Sir William Temple, Mr, Hume, 
and some other sagacious inquirers into the progress 
of society, have been struck with this circumstance, 
and have justly remarked that those nations that have 
laboured under the greatest natural disadvantages, 
have made the most rapid advances in industry. A 
striking illustration of tlie above fact follows. 

Why has the improvement of the natives of South 
America been so taray ? 

Because of the extraordinary abundance of animal 
food, and the equal fertility of the country, where the 
finest fruits grow spontaneously, and only require to 
be gathered. Thus, the South Americans are neither 
a pastoral nor an agricultural people ; and, surrounded 
by partial civilisation, they remain vsdthout any ex- 
citement to labour, which alone could improve their 
moral and physical condition. Humboldt has thus 
beautifully described the state of primitive rudeness 
in which many of the tribes of South America remain : 
" When we attentively examine this wild part of Ame- 
rica, we appear to be carried back to the first ages, 
when the earth was peopled step by step ; we seem to 
assist at the birth of human societies. In the Old 
World we behold the pastoral hfe prepare a people of 
huntsmen for tlie agricultural Hfe. In the New World 
we look in Aain for these progressive developements of 
civilisation — these moments of repose — ^these resting- 
places in the life of a people. The luxury of vege- 
tation ernban*asses the Indian in the chase. As the 
rivers are hke arms of the sea, the depth of the water, 
for many months, prevents their fishing. Those species 
of ruminating animals, which constitute the riches of 
the people of the Old World, are wanting in the New. 
The bison and the musk-ox have not yet been reduced 
to the domestic state ; the enormous multiplication of 
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the lama and the ^mnnco have not proiiuced in tho 
nativeis hQl)it8 ofiiusiornl life." 

W^ har Ox coin of a kingdom been compartd to the 

Because neitlter of tliwn pnnliico ony thing; on ihe 
contrary, they arc both to Iw kept in remir at a certain 
expense; but they greatly fariiltate the conveyance 
from one place to another, of whatever the land pro- 
duces by agriculture, or what active capital producea 
t^ manufartureB and commerce. Buch is the idea of 
Dr. Adam Smith, who also compares paper-money to 
a wagon-wny through the air. 

Why are ice indebted to the ignamnce and bad govern- 
nent Sf OUT oMestora far our .... 

li^ o/procwine tubsialetice i 

Because, had it been othc 
would have Dcciiiiiiilalcd sinee tlie rergn of William 
Ihe Conqueror, niiisl have ovrrflowed, liki: the Bwarm- 
iug of [he nortiiem hivea during chelall of [lie Roman 
empire. An entertaining writer soys: " If all the Turks 
and Eg^tions tliat are to die next year of the pla^e, 
were to be devoured ^during the preaent by crO(!oddefl, 
a certain quantity of f9dd would be gained, and iliinss 
go on juBt OS before. The Roman empire, and toe 



mmi w our aneestora for our present crnnparaUve fad 
'ily ofprocurine tubsialence i 

Because, had it been otherwise, the poptdation that 



each other, instead of strewing dieir bones and thow 
of their antagouista through l>ie "' - -^ ■ 
along the banks of the Danube." 
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through i>ie wilds of Docia and 

cojisider Apotkeci 



are than the wages of labour. Tlic skill of an apo- 
ecar^ is a much nicer and more delinnto matter than 
Fit of any orliScer whatever ; and the trust which !■ 



reposed in liim, is of mueh greater importance. _ 
the jihysiciao of the poor in all case^ and of die' 
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where the distress or danger ia not very grent His 
reword, thciefore, oughl to bo Bititable to liia skill and 
bis tnisi,and It arises^enerally fromtbepriee at which 
he sells bis dniga. But ttiti whola drugs which tlie 
best employed apothecary in a large market-town will 
sell in a year, may not, perhaps, cost him above thirty 
or forty pounds. Though he should Bell ihem, there- 
fore, for three or four hundred, or at a thousand per 
cent, profit, this may frequently be no more than the 
reasonable wages of his luboiir, charged, in the only 
way in wliich he can charge liiera, upon the price oF 
bis drugs: the greater part of the a])))nrent profit is 
real wages disguised in the garb of profit — Dr. Adam 
SmiA'i If'a^h of JVutioiw. 



Wij do iK use the grain loeigkt ? 

Because all weights and measures in England w 



that 33 of them, well dried and gathered from the 
middle of the ear, were to make one penny- weight ; 
but it ivas Bubaeqiiently thought belter to divide the 
ilwl. into twenty-four equal parts, called grains. All 
measures of capacity, both liquid and dry, were at first 
taken from trpy- weight ; and laws were passed in the 
reign of Henry III. enacting that 81b, troy of wheat 
taken from the middle of the ear, and well dried, 
should moke one gallon of wine measure. Weighia 
and measures were invented 869, B, C. ; fixed to a. 
standard in England, 1257; regulated, 1493; equal- 
ized, 1896. 

IVki/ has the paididum been resorted to in regidtding 
niodern teelekta and meaaurcs f 

Because it has enabled us praclically to carry into 
effect the idea of seeking for a unit of measure in some 
unchangeable natural object; the great law of the pen- 
dulum being, Ihat its oscillationB ore always perfbiined 



Q IstiEude. Tlie latter baa lieen in eo far odt^Hed 
into the existing system of weights aiiil tDeasutes, 
eHlablished by the Act of Pariianieut of 1834, tliat the 
length of the standanl yard, nn cnuipnred with dial of 
a pendiduui vibrating eocoiids in the latitude of Lon- 
don, is determined to be in the proportion of 36 inches 

The peuduiurn, as a time-keepfir, has been mea- 
doned in another portion of the present worii." 
Why arc Uu foot, yard, i,-c. wed as measure* f 
Because the earliest elandards eeem to have been (or 
the most part derived from portions of the human body: 
ae the cubit, or the length of the arm from the elbow 
to the tip of tlie middle linger ; the fool ; the vlna, 
arm, or yard ; the ajjon ; the di^l, or fingBr ; the fc- 
ihom, or space from the extremity of tbe one hand to 
the eitreiuity of the otiier, when they are both e; 
in opposite dirccliona ; the pace, &c. These vi 

however, ^crf standards, as the size of the d 

parts of tlie human body differ in diderent individiubc 
hence It became necessary to select some durable arti'- 
de, a metallic rod, for ejtainpic, of the length of an 
average foot, cubit, Slc. and to mako it the standard 
with which all the other feet, cubila, &c. used in men- 
suration, should correspond. These elaudnrds hate 
been preserved witli the greatest care ; at Rome they 
were kept in the temple of Jupiter; and amona the 
Jews, their custody was entrusted to the family of 

This standard has been maintained without any sen- 
sible variation. In 1743, the Royal Society had a yard 
made, from a very careful compariaon of the standard 
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rils or yards of the reigna of Henry VII. ond Elizabeth, 
kept at the Exchequer, In 17M, an exact copy was 
made of the Royal Society's yard; aud this copy liar- 
iag been cxatnined by a Committee of the House of 
Commons, and reported by them to be equal to the 
etaudard yard, It was mariied as HUcfa: this identi- 
cal yard is declared, by the Act 5 Geo. IV. cap. 74, to 
be the Blaudard of lineal measure in Great Britain. 

Without entering into standards of an abstract kind, 
we may here observe, that " a real material measure 
must be constructed, and exact copies of it taken. Tlie 
great difficulty is, however, to preserve it unaltered 
&om age to age ; for unless we trausmit (o posterity tlie 
units of our measurements, such as iBt hmte ouraelva 
toed them, we, in fact, only tialf bequeath to thent our 
observations." Mr. J. F. Herschel thinks this point 
much neglected, and suggests that " accurate and per- 
fectly au^eotic copies of the yard and pound, executed 
in platinum, and liermetically scaled in glass, should be 
deposited deep in ihe interior of the massive stone-woA 
of some great public building, whence they could only 
be rescued with a degree of difficulty sufficient to pre- 
clude their being disturbed, unless on some veiy high 
and urgent occasion. Tho feet should bo pubUcly re- 
Pflrded, and its memory presen-cd by an inscription. 
Indeed, how much valuable and useful infomtatioa of 
the Bclital existing state of arts and knowledge at any 
period might be transmitted to poeteritv in a distinct 
ibrm, if^ instead of the absurd and useless depositioa 
of a few coins and medals under the foundations of 
buildings, specimens of ingenious implements, or con- 
densed statements of scientific truths, or processes in 
arts and manufactures were substituted." 

Jfhy M the term standard used? 

Because it may designate the purity and weight of 
coins ; that is, the fini^ness of the metal of which they 
sra niade, and the quantity of it contuned in tfaeiiL 
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Money was coined iu ibe Teinplo of Juno Motuta, 
whence oiir £ii<{lisli word money, and ihe monetary of 
political economists. 

A pound troy, or 12 ox. of tlie metal of whlcli EId- 
gliab silver coius ore made, coDloins 1 1 oz. 3 dwla. puce 
diver, and 18 (Iwta. alloy. This pound is coined into 
06 stidlinga, so that each shilliog contains 8Q.7Z7 grains 
of fine silver, fuid 67,27 grains of standard silver; and 
the money poimd, consisting of 20 aliiUings, contains 
1614.545 gniios standard silver. From 1600 down 
to IdlG, the pound weight of standard silver buUioD 
was coined into (i2 sliilllngs. 

The fineness of gold is estimated by curat grains 
equivalent to Sj dwts. troy ; gold, of the hlghestdegrt« 
of fineness, or pure, being said to be 24 carats fine. 
The purity of our present gold coins is 11 ports fine 



gold, and 1 part alloy. The sovereign, or 20 shilling 
piece, contains 113.001 gfnns fine gold, and ISS^^l 
grains alandord gold. The pound troy of standard 
gold is ctnned into 46 sovereigns and ^tbs of a sore- 
reign, or into 4GL U». 6d. The mint or standard price 
of gold, is, therefore, said to be 4(i/. lis.Gd. per lb. troy, 
or 31. 17<. lOhd. an ounce. 

IFhy haa nol the standard been preserved inviolaUi 

Because of the necessities of governments, and the 
unfounded notion, so generally difiiiBed, that coins de- 
rived their value rather lioia the coinage than front tha 
quantity of metal contained in them. Coins hove 
been less enfeebled in England than iu any othei 
country; but even here tlie quantity of silver in a 
pound sterling, is less than the Chird part of a pound 
weight, the quantity it contained in 1300. 

ffky is maiKy called sterling'} 

Because in the time of Richard 1., money coined in 



t part of Germany, canie in special request iE 
cuguuid, on account of its purity, and was c^led 
Easterling Money, as all the inhabitants of those parts 
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_» called Enarerlings ; and soon after some of these 
^^. ^le, skilled in coining, were mat for to London, to 
nring the coin lo perfection, which was soon called 
Stmng, from Enstcrling. 

Money, as a medium of commerce, is first n 
in Genesis, chap, xxiii., when Abraham purchased a ' 
iield as a sepulchre for Surah, in t!ie year of the world, 
2139; money was first made at Argos, 894 years B.C. ; 
has increased eighteen limes in value froiu 1290 to 
IS30; and twelve times in value from 1530 to 1789. 
Silver has increased thirty times its value since the 
Norman Conquest : viz. a pound in that age was three 
times the quantity it is at present, and ten timei 
value in purchasing any commodity. 

IFhy 13 money also called coin and cath ? 

Because coin (euna ptcunia,) from tJio French wwn, 
i. e. angxUtu, a comer, whence it is supposed that the 
most ancient coin was square. Cask is from the French 
term cttittt, i.e. chest or coffin, for Ifie keepingof (noney. 

The coining-press was introduced into England m 
1563; andmachinery forcoiningby Boultonand Watt, 
at Sofao, near Birmingham, ahout the year 1800. The 
coining-press of the Royal Mint has already been no- 

m,3 is there aUoy m coins? 

Because it may Have the trouble and expense that 
would be incurred in refining the metals to their high- 
est degree of purity ; and because, when its quantity is 
small, it renders the coins harder, and less liable Co he 
worn or rubbed. 

my is Oiere a cross mid pile side of a coin ? 

Because Conatantine, with religious zeal, put a cross 
in place of the beast [to be explained) ; and in the old 
Gauhsh language, a Mp was called pile: hence also _ 
the game of cross and pile, and the wordptiol. ' 
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ffky is not the valiK of money the same in aU coun- 
tria$ 

Becauie tlie use of coined money does not cUange 
tiiB principle OD wliich eschanges were conducted prs- 
Tiously lo ita introduction. The coinage eavea the trou- 
ble of weigliing oud assaying gold oud silver, but it 
does notliing more. It declares tlie weight and purity 
of motsl in a coin ; but Itic ualuc of that rnetal or cmn 
U, in all cases, determined by those principles wludi 
determine the value of other thlnea, aud would be as 
little aSected by being recoined with a new denoiuitia- 
tion, as the burden of a ahip by a. nbange of name. 
Money is, indeed, as much a commodity, as bars of 
iron or copper, sticks of wheat, &c. 

tn,y do UK use tlie term a pound? 

Because, orimnally, the coins of all countries seem 
to faa,Te hnd Ote some denomination us tlie weights 
commonly used in them, and contained the exB;i:t 
ouantity of the precious metals indicated by their names. 
Thue^uie (ofeni was a weight used in the earliest pe- 



j the French: and the coins orighmlly in i. 
Greece, Italy, and France, bore the seme names, and 
weighed precisely a lalent, a pondo, a livre, and a 
pound. 

The metal which our anceMorB used Bs their medram 
of exchange, they first divided by pounds, which word 
Mill remains among us to mgnify twenty shillings; tlua 
being about the just value that so much copper bore in 
those days. Tliis was called as in Latin, whlcb, ac- 
cording to Varro, is derived fi-omiw,fnguiiying copper. 
They used it first in bullion, unmarked— but to save 
the trouble of weighing this pound, or the leaser paiti 
of it, and to give it a readier currency, they statitped 
upon one side tlie figure of a ship, as an emblem at 
iwnimerce, with the weight and value ; aud on the n- 
veree, ttie picture of one'of those beasts which are de- 



ASTS AITD HAITOPACTUItea. 

,1 by the word Pecos, as being the most prisiod j 

jnodiliea; wheDce money came to be afterwarda I 

called Pecania, in Latin, — and hence the Enghah word I 
pecuniary. 

Wh/ is the guinea so called? 

Because ilic gold witli wliich it ivas Sret coined in 
the reigu of Charles II. was brought from Guinea. I 
For this reason also, tlie guinea originally bore the I 
impreasiou of an elephant 

The terra tovereign is not new in our coinage : 
the time of Edward VI. there were Imth Bovere]gii% J 
and half-aovereigna, and nobles, es appropriate attend- T 
ants on (lie aovereign, 

ffhtj ii the shilling an called? 

Because of its eorruplion from the word tcyUiag, the 
etymology of which would lend ub to suppose it to 
have been a certain quantity of uncoined silver; for, 
whether we derive it from sceylan, to divide, or seenle, 
a scale, the idea preeented to us by either word is the 
Bame — that is, eo much sliver cut off, as in China, and 
weighing so much. — TSimer's An^-Saxons. 

Why teen groalt Jirat cointdf 

Because, in the Saxon time, we had no rilver mon^ 
bigger than a penny, nor after the Conquest, till Ed- 
ward III., who, about the yeor 1351, coined grosses, 



in 1504, hiBl coined shillings. 

Hlq/ is Iht penny so caUcd f 

Because of its derivation from the Latin pecania, j 
money. Until the time of Edward I. the penny i - * 
Btrurjc with a cross, so deeply indented in it, tJia 
itiight easily be broken, and parted ou occB^on, i 
two parts, thence colled htdf-pennies ; or into four, 
thence called /our-iAir^s, OTfarlkings. But that prince 
coined it without indenture, in heu of which he £rat 
struck round halfpence and farriiings. 
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18 KirOWLKDOE FOR THE PEOPLE. 

Wkn wa$ the hanku^ system first introdueed into 
Ef^landf 

Because, in the turbulent times of the Common- 
wealth, the merchants and tradesmen, if^K> had before 
tnisted their cash to their servants and apprentices, 
found that no longer safe ; neither durst they leave it 
in the Mint, by reason of the distress of maies^ itseli^ 
ahhough this was before a public deposit In the year 
1645, they first placed their cash in the hands of gold- 
smiths, who began to exercise both professions. We 
quote these facts from Pennant, who states the first 
regular banker to have been Mr. Francis Child, gold- 
smith, who began business soon after the restoration ; 
but Granger mentions Mr. Child as successor to the 
shop of Alderman Backwel, a banker, in the time of 
Charles IL, who was ruined by the shutting up of the 
Exchequer, in 1672: he lived in Fleet-street, near 
Temple Bar, where the banking business of the Childs 
is conducted to this day. 

About fifly years after the above, in 1720, the credit 
of Bankers was much injured by what has been in our 
times called a panic, or run. Swift turned their tribu- 
lation to humorous account. Thus, in some lines of 
the above date : — 

" The multitude's capricious pranks 

Are said to represent tlie seas ; 
Which breaking Bankers and the Banks, 

Remove their own where'er they please. 

No money left for squand'rins heirs! 

Bills turn the lenders into debtors : 
The wish of Nero now is theirs, 

That they had never known their letters.*' 

Rymer mentions the draft and cheque. The money 
changers of Scripture, the Trapizseta of the Greeks, 
and the Argcntarii, or Nummularii of the Romans, all 
illustrate th^ high antiquity of banking. 

ff% is the Bank of England an important cuffunct 
of the Crovemment of Great Britain^ 

Because it receives the taxes, pays the taxes, pays 




■ftintereBtof the public debt, nnd conducts the vaiioua 
r pecuniary transactionB of tlie exchequer. For 
e serviceHiiie bank roccivee nper cenlage,orcoiii- 
DdBBion, which Hmounts annually to about 360,0001. 
to which must be added llio profit dfflived from tlie 
use of a tioBtliig balance due to the public, never leas 
in amount than four millions sterling. This balance, 
employed in discounting' mercantile bills at die rate 
of lour per cent, yields a revenue of 160,000/. per 
annum, which being added to the commission of 
260,000). gives a total of 490,0001. ae the profit which 
ihe proprielora of liank stock derive every vear from the 
connexion subsisting between tliat establishment and 
the Treasury.^— Quarfer/w Reviae, Ab. B6. 

The Bank of England was first established in 1694: 
its projector wns one Paterson, born in Dumfrieshirc, 
and said to have died of grief, occasioned by the in- 
gratitude with which he was treated by the world. | 

}fkp lucre Ihc labours of the dkhtmials ben^^tial to \ 
manitndf 

Because, however great their follieH, their researches 
mere instrumental In promoting the progress of che- 
mical discovery. Hence, in particular, vittaitic pliar- 
tnaty derived its origin. Mr. Herschel justly obserrea, 
" among the alchemisle were men of superior minds, 
who reasoned while they worked, and who, not con- 
tent to grope always in the dark, and blunder on their 
object, sought carefully in the observed nature of their 
agents for guides in their pursuits." 

Why is mercury used in amateanui ? 

Becaiiiie, bt-'ing habitually fluid, it readily combineg } 
with most of the metals. When these metallic r'"" 
tures contain a eufficient quantity of mercury to i _ 
der them soil at a mean temperature, they are callecl 1 
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a clergynmn of tho church of Ht, Bemord, al Pdtoei, 
in the year X640, who has by some wrilera been sup- 
posed to bo the inventor of amalgamatioo. He dis- 
covered the process by mere accideot ; for, being de- 
uroua of fixing qiiinkailver, be mix^d it with fine 
powdered silver ore, nml soon fnimd ihat the mercuiy 
had altracled evnry partic'le of silver lo ilaelf, whit* 
presented him with the idea of refining metals t^ 
means of quickBilver. This experiment he made in 
the year 1609, but he wbh probably unacquainted at 
that time with smelting works in America, and does 
not appear desirous of claiming the invention of amal- 

nation OB practised in thai country. The book, 
gh published at that late period of the art, and 
notwithstanding there were many superior ircatiBes on 
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if such importance by the Spaniards, as 
contaioing all their raelalhirgic secrBts, tliat they en- 
deavoured to suppreas it : but aportion oflt wastrans- 
lated ijilo English in 1674. 



Wh) are Oie onctenf Britinu eonduded to htat bem 
txpert in tctyrking metals? 

Because the art of working in iron and steel had 
risen to sucb perfection in the tenth century, that even 
tho hofses of some of the thief knights and barons 
were covered with steel and iron armour. Artificers 
who wrought in iron were so higlily regarded in that 
warlike timP, that every military officer had his smith, 
who constantly attended liis person lo keep his ams 
and armour in order. The chief smith was an officer 
of considerable dimiity in the court of llie An^o- 
Saxon and Welsh kings, where he enjoyed many pri- 
vileges, and his wages were much liigher than toOM 
of any other artificer. In the Welsh r.ourt, llio king^ 
Bmilh was next in rank lo the domestic chaplain, HT**" 



L 




a Aura lujiurt-cwaxa. 

was emitled to a draught of every Idhd of liquor thai 
W3B brought into the hall. 

HTai lof re WIokw Rrat ittvaited f 

Because they mi^t imitate tlie action of tlie lungs 
and a hollow reed plac-ed in the mouth of the blower. 
Ilie latter lieing the tirst instnimeot employed for 
Idowiug a fire. Our common beUowa appear to have 
. been known to the ancient Greeks, and Roman lamps 
bave been jbuiid la the form of bellows. 

/fAjr ia il to be re^rtied OmI we inme bnl Itilk of ' 
Iht anaent conxlnuivm of bdloies f 

Because moreinfbnnation on this subject would en- 
large the knowledge we possess of the metallui^ of 
the nucients. 

Strabo telle us, on tlie authority of an old historian, 
that Anachatsia the Scythian philosopher, invented 
the bellows, tho anchor, and the potter's wheel-,, but 
this Beems doubtful, as Pliny, Seneca, Uiogenea, 
Laertius, and Suidos, only attribute the two last to 
him ; and Strabo also rentarks, that the potter's wheel 



became acquainted with the ii 

ond having made it known to his countiymen, was 

looked upon as the inventor, — Beekmann. 

IFky are forgt-beUoina earulruclid mlh three boards f 
Because they are required lo keep up a constant and 
unremitling stream of air through the fuel, to keep it 
in vivid combustion. Thus, tho centre board is fixed, 
and furnished 'with a valve opening upwards, the 
lower board being movable witli a vaJve also o[>enu 
upwards, and the upper board being under a con"' — 
pressure by weights acting upon it. When the 
board is let down, so that the chamber between it and 
the middle boai-d is enlarged, the air included between 
tlieee boards being rarefied, the external presaura in 
the atmosphere will open tlie valve in the lower ' " ' 
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and the chamber between l)ie lower nnd the middle 
boerda will be tilled niih air in its common state. 
The lower board is now miaed by the power which 
works the bellows, and the air IJetwee ' "' 



middle bonrd la ciitiiletiiiiGd. It cannot escape through 
the lower valve, bcrnuse it opens upwards. It acta 
therefore, witli a prosKure proiiortionni to tlie working 



into the chairiber between tha middle and upper 
boards. It cannot return from thia chamber, because 
the valve in the middle board opens upwards. The 
upper board being loaded with weights, it will be cod- 
densed while included in this chamber, and will issue 
from the nozzle with a force proportionate to the 
weights. While the air is thus rushing from the 
nozzle, the lower bnard is let down and agma drawn 
up, and a thtab supply of air ia brought into the 
cMTnber between the upper and middle board. This 
ur is introduced between the middle and upper IxMrd 
before the former supply has been exhatisted, and by 
workiDg the bellows, with xuffi' 'tot speed, a large 
quantity of air will be collected in the upper chamber, 
Bo that the weights on itie upper board will force a 
f:ontinual stream of air dirough the nozzle. — Ijoniaer. 

There are usually two blast-boles lo conduct the 
stream of air h'om the bellows to the laboratory of tbs 
flimsce, placed on op)>n»<ite sides, but bo angled that ' 
the streams do not impinge oti each other. The bel- 
lows are commonly cylindrical, and their pistons arc 
worked by a steam-enpne. 

ffhy are tkae bdloivs suptrioT to the houae-heUowtl 

Because the latter are constructed only with two 
boards, and have thus only an intermitting action, or 
blow by fits, the actioit being suspended while the 
upper board is being raised, 

ffTijf art German briloifia mnde of teood atiperior to 



^Because tlie effect produced by tbcm isstroDeer ai 



^^^lore unifbrni, and itiey last longer. Some ideainBy 
* be formed of ihis coDtrivonce from the following 
Bketcb. The entire machine is coniposad of two 
boxeH placed over eacli other, the uppermost of wLJch 
can be moved up and down, in tlie maimer of a lid 
with a hinge ; but the sides of the upper box are Buf- 
ficienlly large to contain ttie luwer between them, 
when ntieed to its greatest cxtenL Both are lastened. 
together nt the smallest extremln', where the pipe is 
inserted by a strong iron bolL Thus, when the boxes 
fit each other with exactaesB, Etnd the upper is raised, 
over the under, which is immovable, the space con- 
tained within both will lie increased : consequently, 
more air will rush in through the valve in the bottom 
of the lower one; and when the upper box is again 
pressed down, tliis air will be expelled forcibly through 
the pipe. The only difficiJtyis coprevent anvtrartion 
of the air flvim escaping at imy otiier part a. 



■,i sides of tJje uppermost box, which, 
by means of metal springs are pressed to the mdee of 
the lower box, and fill up the iutcrveiiing space. 
— Beckmann, 

Why is the use of iron believed to hax hnn lawwn. 
in the tarliest "gv ? 

Because of iis frequent mention in the bible ; 
thus, Tubal Cain, who lived nearly 4,000 years before 
the commencement of the Christian era, was "an 
instructer of every artificer in brass andiron." (Gen.iv. 
32.) and we read that Abraham took a Icnife to slay 
his son Isaac (Gen, xxii. 10.) In tJiese early tiroes 
too, mention is made of shears and of shearing of 
sheep. [Geu. ixxviii. 1% 13.) 

Whg u ihia knowledge mppottd to havf ban aJUtt- 



Because niBny of ihe ancient natjonB used etonea, 
6^U| the horns aiid liooea of various animals, tlie 
bones and shells of fiah, reeds and ihoma, for every 
purpoae in which the modems notv uae edge tools of 
iron and steel. 

Chronology iiifornia us, iron wna firal discovered by 
the burning of Mount Ida, 1406 B. C. In Englaad 
by the Romans, soon after the landing of Ctesar ; first 
discovered in America, in Vir^nia, 1715 : iirsl cast in 
England, at Blackstead, Sussex, 1&44. 

fPkg ica« iron, at one period forhiddtn to be laed bg 
Ihe Somaiu, except in r^rtcuUurc ? 

Because they thought iron poisonous, and that 
wounds made with iron instrumenn healed mlh diffi- 
culty. Chennstry has, however, exposed this MUuy. 
Fourcroj Eoys iron is the only metal which is not 
noxious, and whose effeels are not to be feared. In- 
deed, its effects on the animal economy are evidently 
beneficial. 

flPfcy it iron the most iwf/W of inetalx? 

Because it becomes softer hy heat, and has the ca- 
pabili^ of being welded lo anodier piece ofiron, bo aa to 
form one entire mass: and this may be done without 
livetB, solder, or melting either of the pieces. No other 
metal poseesacB this singular pro^Krty, except p)a- 

An iron wire only one-tenth of an inch in diameter, 
will carry 450 pounds without breaking. A wire of 
temperecl steel of the same size will carry nearly 900 
pounds. — Black. 

Why hat the iron trade of Great Britain increased to 
txtraordinarily siitee Bie war 1750 ? 

Because then pit-coalbegan to be generally usedfbr 
extracting cast iron from its ores. In 1740, En^Bud 
«nd Scotland did not possess more than 59 funtaeei^ 
producing 17,000 tons ; whereas in 1837, they had 
mcreosed to SS4 fumaceB, producing 690,000 tons, A 
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a a French Jouraai, ilierefore, desciibeB pit' 
" the prime element of the maau&ctiirM mid 

e wealth of England." The mean annual amount 
of the exportation of iron and steel from tliis eountry, 
in bars and wrought worka, is from l,300,000i. to 
1,500,OOW. The aiiniml quantity of iron manufac- 
tured in Great Britain ia 690,000 Ions. 

In the great iron worl(i>, the ore, broken into small 
pieces, and mixed with lime or some other suhstancD 
to promote ita fuaioD, ia throtm into the furnace ; and 
bnsketa of charcoal or coke, in due proportion, are 
ijirowit in alonj; with it. A part of the bottom of ^^m 
the furnace ia filled with fuel only. This being km*^^^| 
died, the blast of tlie great bellows is directed on i^^^^l 
and Boon raiaea the whole to a most intense hetft^^^l 
this melts the ore immediately above it, and the re^ ^^H 
(luced metal drops down through the fuel and collects 1 

at Uie bottom- The rest sinks down to fill up the void 
led b^ The consumed fuel, and this, in its turn, cornea 
next in the way of the bellows, and is also reduced. 
Alore ore and fuel arc supplied above, and the opera- 
tion goes on till the melted metal at the bottom, io- 
crcoBing ill quantity, riies (dmost 1o the aperture of 
tho blast ; it is let out by piercing a hole in the ^de of 
thefhmnce, and then forma what are celled pigs of ^^k 
coat iron. — Parlua. ^^H 

The Buiieriey iron-works are amongst the mott in** ^^H 
portant in tbia country. Here are three furnaces, eacb-^^H 
capable of jirotlucing thirty-five tons of pig iron, ot ^^| 
cnade coat iron, per week. Tho blaet turnaceB are I 

about forty feet high, and alKiut thirteen in the largest 
diameter. When charged, they contain about 3J500 
cubic feet of iron atone, coke, and lijne-stone, which 
produce one ion of melting iron. When heated, they 
are kept in a slBto of intense heat for many months or 
yeara, without inienjiiasion, and are constantly sup- 
plied at the to|» with materials. Blast cylinders, ., 
^^Iirorked by a steam-engine of SO-horse power, contmu^ ^^^ 



ally urge a Btream of air into the flimace. The volume 
of air thus BUpporting the combustion, may be esd' 
mated by the contents of tbese cylinders, which an 
aix feet diameter, with a stroke of eight feel lone, re- 
peated thirteen litnes jwr tntmite, and doubled by a 
reciprod^ motiou, causing a couaiimption or decom- 

C'lion of 6240 cubic feet of air per iniDiite. In the 
ideiy attached to these wca-lts, were cast the iron- 



I 



H Kina 



dock-yonl at SbeeroeBB ; the famous roof of the Rum 
Quay at the West India docks; and ne^u-ly all die 
pipes of tlie Weat Middlesex water-works. Sugar- 
milta for expresaiiig the juice from the cane in the Co- 
lonies, are alBO maun facta red here ; and the proprietors 
have exported upwards of 150 steam-engines to the 
same quarter within tlie last eeven years. Here was 
mode the sieatn-engine whjrh supplies Calcutia witb 
water: the nabob or king of Oude, baa liad one to 
work a pleasure steom-yaclit, and another on a small 
scale-to work punkiu or large fans, to vendlate and 
cool his apartments. 

At the Cocnor Park works, on the borders of Derby 
and Notts, me BuCterley Company manufacture b^ 
iron in allits forms of convenience and utility. Their 
vastnesB is thus described : " Conceive a space as large 
as Lincoln's Inn Fields, covered with extended fires 
and smoke, wiili the rumbling of blasting engines^ the 
ihumpmg of welding-hammers, and scores of men car- 
rying about masses oT iron at B white heat : imajjine fiir- 
naces of melted iron, with their narrow doors, thrau|^ 
which hght flows wi^i sensible momentum, and bUndfl 
those who dare to look upon tho liquid l^es wilhiit: 
behold sets of revolving wheels, one of them twen^ 
four feet in diameter, weighing twenty tons, yet whiit 
ing sevraity-two times in a minute ; and see the con* 
nexion of tliis balance and regulator : view twen^ 
ktnda of apparatus, alive, as it were, and with Cyclops- 
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311^ tiiem, and you have licrare you thea 

; Derbyshire iron-worka. To conipreliend, in i 

e,the works oirryingon b^lhe Biitterley Com- ' 

pnav only, I may observe, that in its iron and coal- 

worKS it employs Iwenty-fivo sleani-pngineg with the 

power of 700 horses, ami at this time gives eniploj-menl 

■([,]1500 men, aa miners, colliers, (urDace-men, niould- 

h Htearn-eu^ne fitters, smiths, labourers, &c."* 

> Siitediah tiioerior la BritUh iron ? 

J the Swedes smelt with wood instead of' 

It is imported into England in great quaatitie%. 

BO J is chiefly used for carbonization in Bleel. 

fFkyi 
tinaed kammering ? 

Because it loses a portion of its latent caloric ; DKj 
Black bciiig of opinion that metals are malleable ^ 
proportion to the matter of heat which they contain is 

Wh^ if uuf-iron puddled and rolled ? 

Because a principal part of the foreign substancaB 
are thus burned away or squeezed ou^ and inalleability 
is nonfprred upon the metal b^ rendering it more pure. 

By this curious process ol puddling, caat-iron, after 
it hiiB lieen 1o a certain extent rrflned, by refunon in a 
fiirge, is, in Ibis coimtiy, couverled into wrought iron. 
The cast iron is put into a rcverberatory furnace, and 
when in fusion, is stirred, so that every part may be 
exposed to the air and flames. After a time, the moss 
heaves, emits a blue flame, gradually grows tough, 
and becomes leas fneible, and al length pulverulent; 
the Are ia then urged, so that the particles again agglu- 
tinate at a weldiug heal, and are gradually wrought 
up into mai^aes. In tliat atate of intense heat, Uie 
masses aropniucd successively between rollers, and the 
bars made malleable. They are cut into pieces, placed 
in parcels in a very hot reverberatory, and again ham- 
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mered or rolled out into ItarE. TlieysrethuBrendered 
raore tougli, HexJbli-, atiil malli^ble, but much lees 
fluible, and may be considei'cd ns iiuai'ly pure iron. 

Why is iron better cast perpaidkiUaHi/ than horaim- 
taUii? 

Because of Ibe pressure of the itprigbt column, 
which renders the iron umcli less liable lo air-bubbles 
and imperfeclions of lliai kind, wbich defeat Oic akili 
and calculatious of tiie tiiocliiniEt 11' tliia upright 
pressure be increased by a weight of eiciraneous metal, 
the casting is still moi'e likely lo 1>g sound. 

fflty does a rod of terougkl iron, if plunged into out 
iron infiision, becomt atectf 

Because die iron alisnrlwt part of ihe carbon. What 
is called {<ut-hardening, is a. converaion of the taijace 
of iron into ateel. 

ff'Ay u ihx process by iMch iron u converted inlo 
sled, called ceiiieidati/in 9 

Because it conMsta iu beatuig burs of ihe purest iron 
iu contact nilb cliarcoal ; it abearl>s carbon, and in- 
creases ID weight, at tbe sunio time acquiring a blis- 
tered sur&ce. This, when drawn down uito smaller 
bars, and beaten, forms Hlted steel; and tliis brokm 
up, heated, welded, aud again draw:i Out into ban, 
fisins »hear-3!cd. 

b this process it baa!>eeu commonly considered that 
Ae Carbon combines mechanicatly witii Ibe irou; our 
chemistB have, however, long been of opmion, that it ' 
is a diemical combination that lakes place, by the gra- 
dual absorption of carbon iu the gaseous state, by the 
iron. This fact has been proved by Mr. Cbnrlea Mack- 
intosh, of Crossbo^ket, Lanark, who has taken out a 
patent for preparing »tei;l, by Hiibjeciing the iron to a 
stream of cartiuretted hydrogen gas, evolved from coal 
under distillation. This iron is enclosed in a pot or 
crucible in the furnace, and when arrived at the pro- 
per heat, a strcani of gus is directed by a pi]-- '~-- "*- ' 
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crucible, which has anotlier aperture lo allow ihat part 
of ihe gaa to escape, H'hicli baa not been taken up by 
the metal. Steel, in ingots, is porous ; but, to confer 
Bolidity, it is banunered, tilled, and rolled. At Atter- 
clifle, near Sheffield, are extensive works for these pur- 
poses. Here, by the power of a water-wheel, fifleen 
feet in diameter, hammers are worked, weighing from 
3 to 4j cwt. and strike, at ten or twelve inches fall, 
from 100 to 220 times in a minute. The ingots, at a 
strong red heal, are exposed to the action of tliese hain- 
mera, and the metaJu condeneed into bars, which are 
next submitted, at ttie same degree of heal, to Ihe 
lilting hammer, which gives 300 strokes per minute: 
lastly, they are rolled or flattened into sheets, and 
drawn itito lengtlis. Six tons a week are hammered 
down by one banimer; about three tons are tilled; 
Rail tweuty-fbur lone can be roiled, working night and 
day, by relayH of hands. 

The making of steel is a Bridah manufacture aciircely 
sixty ycare old. Previously it came from Austria and 
Syria, and was dear and little used. It is, however, 
now healed, welded, cut, and moulded in thia countn', 
with nearly the same facility as deal wood by an ortu- 
nary carpenler. 

WIm dott a drop of nttric add, Itt fall upon ittd, 
ocauion a black tpon 

Because the iron la dissolved, and the carbon therebjr 
expoaed to view. — Parkes. 

Wkij it sled (empered? 

Because, when steel is healed to a cherry-red colour, 
and then plimged into cold water, it becomes bo ex- 
tremely hard and brittle, as lo be uniit Ibr alniosl any 
practical purpose; and lempering reduces it from this 
extreme hardnesa, by beating it to a certain point or 
temperature. 

The polishing of steel li not executed in the same 
manner as that of the softer metals: the steel 






poliahod iiDlil il has been hardened, an^ the harder h 
a, the more brillianl will be ita poUsh. Rotten-stone, 
a kind of Teiy light tripoli, bul finer than the other 
BortB, and round near Bakewell, in Derbyshire, '» 
esteemed for fteiteral [Hjlisliiiig ; but Bteel, from ils ex- 
treme hardiiefiH, requirta in be poliabeii with emery, 

fVhii art varioui caloun prodvetd on heated tltdt 

BccauBo of the oxjdution which takes place, as is 
proved from the cLrcumBlsnc« that when aleel ia bested 
and suffered to cool imder mercury or oil, none of the 
coloura appear; nor do they when it is heated ii* hy- 
drogen or nitrogen. — Brande. 

Jflm it it ctwfomary to judge of tht temper oftUd hy 
tUtoUtvra^ 

Because, the surface being a little brightened, exhi- 
IntSj when heated, various colours, which constantly 
chan^ as the temperature increases. Thtis, when 
steel IS placed in a bath heated to 600°, the firat change 
ia at atmiit 430", which is very faint ; at 460", the co- 
lour is straw, becoming deeper as the temperature la 
increased; at 500", the colour ia brown; this is fbl- 
lowed by a red linge, with streaks of purple^ then pur- 
ple; and at nearly 600°, it is blue. The degreefl M 
which the Hjfierent coloors ore produced, being^ thus 
known, the workman has only to heat the bath with its 
contents up to the required jioiiit. For example, sup- 
pose the blade of a pen-knife, (or a himdred of them,) 
to require tempering; iliey are suffered to remain in 
the bath until the mercurj' in the thermometer risea to 
460°, and no longer, that being the heat al which the 
knife (supposing it to be made of the best English cast 
steel) vrill be aufficienlly tempered. 

}Fhy i» east aleet so called? 

Because it is prepared by fusing blistered steel with 
a flu\ cfimposed ot carbonaceous and vitrifiable ingre- 
dients, casting il into ingots, and afterwords by gMvde 
heating, and careful hanimraing, giving it the tana of 



a Q^ Penman steel »o called? 

Be it is au aJloy of steel with certain portioii»<l 

or other inetals from Peru. It is, leclitiically apeakiii6,B 
ladder, not so enay to work as other Meet, and yel mum^ I 
hurder and tougher tliau any other. 



W% is sttd used far making catting iiufrumenli ) 

BecHUSO it conihinea the fuailiility of cast with the 
malleDbiliiyof bar iron, and when heated snd Buddenly' 
cooled, becomes rcry bard. ' 

The rapidity with which razors, knivesi, &c. are pra- 
tluced from the raw material, is truly asionislung. 
Thus in the workshops at Sbelfiold, wo may in a few 
ininutos see dinner knives made from the steel bar 
and oil the process of liatnmcriDg it into forni, welding 
the tan" of ilie handle to the Bteel of the blade, hard- 
oning the metal by cooling it in water and tempering 
it by de-carbonizing it in 3ie fire. 

The number of hands through which a common 
table-knife nassee in its formation is worthy of being 
known to oil who xiee. them. The bar steel ia heatedi 
in the forge by the maker, and he and the atriker reduiifia 
it in a few minutes into the shapo of a knife. IlelheSi 
heats a bar of iron and welds it to the steel ao bs M 
form the tang of the blade which goes into the handle. 
All this is done with the simplest tools and contri- 
vances. A few strokes of the hammer in connexion 
with some trifling moulds and measures, attached to 
the anvil, perfect, in two or three minutes the blade 
and its tang or shank. Two men, the maker, and 
striker, produce about nine blades in an hour, or seven 
dozen and a half per day. The rough blade thus 
produced, then passes through the handa of the filer, 
who files the blade into form by means of a pattern in 
hard steel. It then goes to the haflers to be halted in 
ivoiy, horn, &c. and then to the finisher. In this pro- 
fession, every table-knife, pocket-knife, or pen-knife, 
passes, step by step, tbrough no less than '" ' " '" 
"" '.e stages of workmanship. 
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13 inowLXDaz rojt tbs Fxonjc. 

Sheffield employed ahoui 15,000 penons ii 
departmeota, four years aoce : 

On Oblo Uni'Mi fiiM 

On iiirinB kiUvM - B,W 

oSmir" :::;:".: 1^ 



ies those who arc employed i 
!, Bmeltiiig, optical insi 
;, Slc. &c. makine fiill 5 
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grinding, poHsh- 
ing, Slc. &c. makine fiill 5,000 more. There are l\ill 
1,700 forges engaged in the various brencheB of the 
trades, and of course aa many fire?. 

TfTiy are the moat mirfute inalrvme7it» generally nuufe 
ttiih good »tul t 

Because it la much more ductile than iron : a finer 
wire being drawn from it than from any other 

Why u Woatz or /lujion tied the moat valwMt for 
making edge tools ? 

Because it is combined with a minute portion of the 
earths, alumina and sihca ; or rather perhaps, with 
the bases of these earths. Whether the earths are 
found in the oar, or are furnished by the crucible in 
making the steel, is not certainly known ; nor is the 
Indian steel-maker probnhly aware of their presence. 
Wootz, in the state in which it is imported, is not fit 
to make into fine cutlery. It requires a seeond fusioTi, 
by which the whole mass is purified and equaliEed, 
and fitted for forming the finest edge instnimeiitB, — 
Brande. 

Whv doa a razor operrde bat icA«i dipped in hel 

Because the temperature of the blade has then h 




i, end ihe fineness of the edge proportionally in- 

I Home experimpnta, the knife eilgea attached lo 
the pendulum deserihod hy Coptaio Kater, in Phil. 
Trans. 1818, on being carefully hardened and tem- 
pered in the batii at 433", were, on tiiul, found loo 
soft. Tliey wpre n second time hardened, and then 
lieated lo 313", at which point tho edgei were ad- 
mirably tempered. TliiB, it will be rememlwred, ia 
the heat of boiling water, and further illustrates the 
preceding question. 

lo the maimfhcliire of a razor, it proceeds through 
a dozen hands; but it is afterwards submitted to a 
process of grinding, by which the concavity is perfected, 
and the fine edge produced. They are made from 
It. per dozen, to 20s. per razor, in vhich last the 
handle is valued at 16s. 6d. — Scissors, in like manner, 
are made by hand, and every pair paases throufh 
^xteon or seventeen bands, iDchiding fitly or sixty 
opcratioDs, before they are ready for sale. Common 
scissors are cost, and when riveted, are sold as low as 
4s. 6d. per gross ! Small pocket knives too are cast, , 
both Id blades and handles, and sold at Gs. per gross, 
or a hahpenny each ! These low articles are exported 
quantities in casks to all parts of the world. 
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, „ Zine iiscfui ia Ihe ads ') 
Because, in combination with copper or tin, ia 
various proportions, it forma some of the most useful 
compound metala or alloys. Thus, with copper, it 

'- tes brass, pinch back, and tombac; with little 

Prince's metal ;* with tin and copper, bronze. 
I covered with zinc are very iiumerous in the 
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flouied, and falling all arottnd, 





to lliose who apprcMicL the biiildiug. In aliort, ziae 'a 

the inoHi combuBtible nicfal we hove. If beatt-n out 

thin leaves, it will take fire from the flame ota 

Wha htu the oride of zutc been aid/stUvted for 
tchitt lead tn house-painting. 

Because it preserves a good colour much longer: 
it is not, however, of so perfiict a white bb lead. 

Why did ike aneienls mix tin leiih their copper com* 
ontf edge looU ? 

Because it occasioDcd the coins to wear longer, and 
it imparted sufficient hardness to the copper to render 
it capsblo of forming very good cutting iDelrumentB. 
Mr. Perkes, in analysing several Roman brasH coma, 
from Torioiis periods of the Empire, found tin to be a 
component part in all of ihcm. 

Why it not Spattish tin Tued in lhi» coviUry ? 

Becftuae it bears a prohiliitory duty of 30/. per cent 
It is Teimd in great quantitieB in South America, and 
is very pure, but not bo neatly manu&ctured as the 
Comidi tin. According to Aristotle, the tin mines of 
Cornwall were known and worked in his lime. IH»- 
doniB SiculuB, who nrote 40 yeafs before Chriet, des- 
iniboa the method of working these mines, and MJ^ 
that their produce was conveyed to Gaul, and thence 
to differam parts of Italy. The minera of Cornwall 
were so celebrated for their knowledge of workiDg 
metak, that aboiil the middle of the 17th eenlury, 
the renowned Becher, a Physician of Spire, and lulor 
of Stahl, eamo over to this comitry to visit them. 

A celebrated tin mine was the famous irhen^ mMe, 
near Penzance. The shaft through which the minen 
went down to work, was situated nearly 100 yards 
below water mark. " The opening of this mine'' saya 
Dr. Maton, "was an astonishingly adventurous un- 
dertaking. Imagine the descent mto a mine through 
the Bea, the minors worSibgnt the depth of 17 &tboitia 
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below the wnvea; the rodof aaeam engine, extend- '^ 
ing from tiro shore to the shnft, a distnnce of nearijr 
1^ felhoma, and a great number of mea moment' 
arily mcoaccd with aa inundation of the eea, which 
continually drains in no small quantity through the 
roof of the miDe, and roars loud enough to he dis- 
tinctly heard in iL" The working of this mine was 
wholly given up in the year 1798. 

Such is the mineral wealth of Cornwall, that it 
contains more mcD, who possess Ibrtuucs, sprung 
from the mines, of five and from that to twenty 
thousand pouuits, than there are in any otiier county 
of Bngland, excepting the metropolis and its vicinity; 
and there are sonie instances of individuals acquiring 
from GRy to two hundred thousand pounds, from the 
mines, and by a fortunate course of trade. • 

ftlof shoidd tin be chostn/or iU li^dnasi A 

BccauHO its purity is in exact ratio with iB lenty} J 
while gold, on the contrary, unlesa alloyed with ptoo- ■" 
uum, in Gnu in proportion to its density. 

ffky M fill JO important to the dvtr? 

Bemuse it is employed lo give a brightness to cochi- 
neal,* arcliil, and other articles used iq forming reda 
imd scarlets; and to precipitate the colouring matter 
of other dyes. For these jniri)ose3 it is jjreviously 
dissolved in a peculiar kind of aqua-fortia, called 
tb/era' tpiril. 

Tin IS cojisumed in large quantities by the dyers ; 
it is also used for covering sheet iron to prevent its 
rusting, and in forming plumbers' solder, speculum 
melal, pcvner, and some other alloys. Its oxides are 
used in polishing glass, in glazing some kinds of 



earthen war 

tfhn « Ua-plale a. 

Because it ts ttiade by dipping clean i 
:d tin. When tm-plate iM vrashed 



caUed? 




n weak aeid, the cryBtolline texture of tbc [Ja be- 
coniBB beaulifiilly evident, foniiiDg lui appearance 
which has been called moire mdailiiiut. 

Jfh/ art pita whitened by baiting in grain-tin and 
gupertartmte o/pola$b ? 

BocauBE the laiinric acid first diBsolveB the lin, and 
then gradually deposiie it on the surface of tho jnna, 
w consetjuence of its grenter affinity for the zinc, of 
which ihe brass wire is eomposod. 

fFh/ vKrc Wie SfaTtnaru CaurU go called? 

Because they regulated the affhira of the tin [Stan- 
num, Latin,] mines, aiid determined causes ainosK the 
tinners, whether crimitiaioracliouB for debt. At Xyd- 
ferd,on the borders ofDnrtmoor, was one of the Stan- 
naiy prisons: hence the Devon atid Cornwall saying: 

Ttaen heir Om cauK liy t.ydfurd Law ; •• 
or Lydford Law, by which they hang men first, and 
try them afterwards. 

_^ -eat heat, 

it rises to the suriace combined with all heteroge- 
ueouB matter. Lead ia employed to cover building^ 
to ibrm water-pipes, [though VitruviiiB, the Roman 
orcbilect, in the time of Augustus, condemned thi« 
prectice,) and to make a great variety of vessels for 
economical purposes. Its oxides are used for dyeing 
and calico-printuig, in the manufacture of glass, earth- 
enware, and porcelain : and lead is capable of forming 
Tarious alloys. There is also a large consumption of 
lead' in making shoL* 

JFhi u had employed in tlie manufadwe of tsAtffl 
melai buttons ? 

Because it has been iliscovered that a certain pro- 
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n of lead may he mixed with the metui formerti 
. , without injuring the appearance of ilie butloi^ 

le aflbrding a very considerable additional profittif^ 
tile maurifactrirer. 

ff% w lead tiafiloytd lo corred, harsh 

Beauiae it has the properly of impartlDg a sacchft^ 
rine laato when dissolved in acids, aa in thai: of the 
niuc. Tlie onoienls knew that tliie metal rendered 
liorsli wine milder, hut it was not universally known 
to Iw poisouous. Acrording to Pliny, the Greeks and 
Romans proved Hie qunlity of tlieirwinea hy dippings 
)ilate of lead in them. L^d will also take olTttie ran?' 
cidity of uiJH. J 

Wht/ loere blocks of lead called pi^sf C 

Because they iiii^t be distinguished fh>m lerp^ 
blocks, called aoint, which latter term is Htill retained 
in tlie word Koio-meloi. In 1773, a pig of lead was dug 
up near Taniwortb, with an inscription of the date 
7C, A.D, or 1197 years old ; tbua proving lead lo haTO 
been used by the Romans in this country. 

IFhi/ is lead cast in guck rtgidar sheetif 

BccousB the melted metal is suffered to run otil of 
a box tlirough a long horizontal slit upon a table pre- 
pared for the purpose, while tlie box is drawn by ap- 
propriate ropes and pulleys along the table, leaving tba 
melted lead behind it in the desired form, to con^^. 
Tlie lead thus cost is then passed between two iron 
rollers placed at such a dlBtanne from each other, bb 
will reduce il to llie requisite ihickness. 

tfhy il ranunon Uad changed iiilo Ttd lead by mtU- 
iiisii »n OBtns ivUh a free access of tdmosphtrie air 7 

Because tlio lead absorbs ao much oxygen hb to be- 
come converted into an oxide. Thus, the melted lead 
is exposed until the surface is covered with a pellicle; 
this pellicle being removed, another is formed ; and 
ibuB, by successively removing the pellicle as it fonuB, 
the greater part of the lead is soon changed into a yel-. 
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lowish-green powder. Tbia powder ie ihon ground in 
B mill, and when it has been WHslied and pro|>erly 
dried, is tbrown Imck inlo lite fliriioee ; aud ihik, by 
constant atirrine for lliirtj or forty hottre, bo as to expose 
every part lo t£e aelion of the air, becomes red lead, 
and IH taken out for use. Twenty cwt of lead geuer- 
ajly give 23 ewt. of red lead ; bo that 2 evst. of oxygen 
are absorbed from tlie atmospbere during the process. 

The Duly important alloys of lead are tjiose witli tin. 
Common pndcr consijitH of about 80 iiarts of tin and 
90 of lead. Equal parts of lead and tin con^tuie 
plumbert' solder ; and what is termed pat-mclai, ia an 
bUov of lead and copper. 

The reduction of native lead upon a large scale, 
a BufficiBntly simple process. The pinked t 
having been broken and washed, is roasted in arever- 
beraiory fire, the temperature being such a§ to soften 
but not flise it. During this operation, it is niked t31 
the fumes of auljiliur are diB3i|>ated, when it is brought 
into perfect (u«od ; the lead, reduced by the fuel, 
(Doks to the bottom, and runs out inlo oblouc moulds 
called pigs ; the scoriie are again melted, and furnish 
s portion of leas pure metal. The mines of GretK 
Bntain siford an annual jiroilure of about 48,000 tons 
of smelted lead. There is a peculiar varict}[ of nadve 
lead, called in Derbyshire SUckaaida, which, when 
touched by the miners' pick, often splitti asunder with 
a kind of explosion.* 

Plumbago, gi-aphite, or bladi-laid, is generally re- 
mmled aa a true carburet of iron '■ il is not uncommon, 
though rarely found sufficiently pure for ijencils; diq 
*-■- nd tlie dual, are melted with sulphur. 
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fbr common carpenters' pencils : it is sometimes used 
in manufacturing crucibles, and in compositions for 
covering cast-iron, and for diminishing friction in ma- 
chinery.* 

Mr. Bakewell was informed at the celebrated mine 
in Borrowdale, that black-lead, to the amount of one 
thousand pounds, had been obtained there in one day. 

Why is common whUe-ltad mude by exposing shed- 
lead to acetic acid^ 

Because the fumes of the acid oxidize the metal ' 
TIjus, a number of crucibles, holding from three to six 
<|uarts each, and nearly filled with viuesar, are placed 
in hot-beds of tan : upon these crucibkis thin sheets 
of lead, rolled up in coils, are placed, one coil over each 
crucible. The heat of the bed occasions the vinegar 
to rise in vapours, and tliis attaches itself to the lead, 
and oxidizes its surface to a considerable dep^h. The 
oxide which has been thus formed, is scraped off, and 
the coils of lead replaced : in this manner the opera- 
tion is repeated, until the whole of the metal is oxi- 
dized. This oxide, which contains a portion of carbo- 
nic acid, is afterwards washed, and ground for sale. 

Why does Unseedroil^ boiled wiih red-had^ bec&mt 
drying oUf 

Because the oxygen of the metal combines with the 
oil, imparting to it Uie property of df3ring quickly, 

ANTIMONY* 

Why is antimony important in the arts ^ 
Because, alloved witn lead, in the proportion of 1 to 
16, and a small addition of copper, it forms the alloy 
used for printers' types : with lead only, a white and 
rather bnttle compound is formed, used for the plates 
upon which music is engraved. With tin, antimony 
constitutes a kind of pewter, a term, however, applied 
to an alloy of lead and tin. The finest pewter consists 

* See MscHAifics, page 36. ' 
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of about twelve pons of tin and one of antinionf, with 
8 email tuldiciou of ropper. A good whitH metal, 
(Britannin) used for tc:B-)>otii, is composed of 100 tin, 
D antimony, 3 blamiilh, and 2 copper. 

(Wy is mpper ehMtn for mating trumptta and other 
murical imIrumenU ? 

Because of its sonorous property. 

Wlu/ is topper-wirt chosen hy teirt-daneeraf 

fiecauBe of its great elaaiicity. Thus a wire 1-lOtfa 
of an inch in diameter, will support nearly 3001b. 

The first copper smelting works were established at 
Bwansea, about n century ago, — but the bitainess had 
BO increased, thai it is calculated not fewer than 10,000 
nereons are now employed in the workit and the col- 
lieries, and the shipping connected with them. 

The following is an outline of the process by which 
ores of cornier ere reduced, as carried on upon a large 
scale near Swnnsea, wliere the chief part of tbe Com- 
ieh ores are brought to the state of metal. The ore, 
having been picked and broken, is heated in a rcrerbe- 
ratory furnace, by which arsenic and sulphur are driven 
off. It is then transferred to a smaller reverberaloiy, 



at the bottom of tlic furnace, is granulated by letting 
it run into water; it is afterwards melted and granu- 
lated two or three times successively, in order nirtber 
to separate impurides, which arc chiefly sulplitir, iron, 
and arsenic, and ultimately cast into oblong piece* 
called pi^, which are broken up, roasted, and lastly 
melted with charcoal in the refining furnace. Mall«a<- 
bility ia here conferred upon the copper, and its texture 
improved by stirring the metal nith a pole of K^oco 
wood, generally birch, which caiises great ebullitkin 
and agitation ; assays are occasionally taken out, and 



ihe melal, originally crystalline and granular when 
colli, now becomes fine and close, so as to assiime a 
silky polish when Ihe assays are half cut through and 
broiteo. The metal is now cast into cakes about twelve 
inches wide, by eighteen in length. Copper for brsas- 
making is gmuulated by pouring the metal through a 
{>erforated ludle into water ; when this ia warm, the 
copper assumes a rounded fbiTn, and ia called bdan 
akol ; but if a constant supply of cold water is keptup 
it becomes ragged, and is called Jeathered ahnl. An- 
other form into which copper is cast, chiefly for ex- 
ports to the East Indies, is in pieces of the length of • 
six inches, and weighing about eight ounces each : 
the copper is droppwl from the moulds, immediately 
on ila liecoming solid, into a cistern of cold water; and 
Thus, by a slight oxidation of the metal, the Bticks 
acquire a rich red coloiu- on the surface. This ia called 
Japan Copper. — Brandt. 

Sulphate of copper, or Roman vitriol, is much used 
by dyer?,aud in many of Ihe arts. Fowling-pieceaimd 
tea-urUB are browned, by washing them with a solution 
of this salt. Verdigris is an acetate of copper. Blue 
verditer, much used in Btaining paper for hangine 
rooms, is a nitrate of copper, combined witb hydrate of 
time. Mineral and Brunswick green, are likewiie 
rombinntions of copper with potash, &c At Monl- 
pellicr, the manuficturo of rough verdigris is part of 
the household business in the wine-fanna, and ia gene- 
rally done by the women. 

Tha annual value and produce of the copper and tin 
from the mines of Cornwall and Devonsliire, on an 
average of several years, may be stated at 75,000 lone 
of copper ore, value £800,000.sterling; 3,250 tona of I 

metallic tin, value £3Sn, mi.— BakevxWt Geology. . ^H 

According to the tables of ihe produce of the soft iBti^^^l 
tals raised in Great Britain, as given in a work ^^^^H 
tilled Records ofMinitig, the quantity nused in b yew^^^l 
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is BB fullowa ; — copper, 1 6,635 tons ; lead, 47, 
and xin, 5,316 toDs. 

lHy t» Ihe rust aihmntagama to copper'} 



Wla/ hace small belli a thrill lone'} 

tiecaUBe zinc is added to iJieir composition, usuaJlj 
cousiBtiiig of three jmrta copper and one of tin. 

Wh}i has apparatvt hun invented Jbr sotending bdU 
wilAoul putting-? 

Because buildings suffer much from the souoding 
of betla, eHpecially when iliey are very heavy. Let 
one, in &ci, on^ iniBgino a mass of ieveral toiu 
■winging to and fro, and he will readily perceive how 
mach a building must be shaken by it In Denmark, 
Professor Oersted has introduced into a bell a balance } 
similar to that of a pendulum. An axis, by turninff, 
raises h hanmier, which, at each turn, strikes ilie bell, 
and prodaces a sound which cannot Lie distinguiahed 
from that emitted by the bell when tailed. 

■The lamest bells in the world are to be found in 
RnsaU, The " Great Bell " of Moscow, cast ii 



freatest tlucknesa 23 inches.* 

ffhy^ ahotiU children be aiviioTied against eating 
Ike imiialivt ^old on ^ngerbread, t{c. ? 

Because it is nothing more than a fine kind of brass, 
which is supposed to be made by cementation of copper 
plates vrith calamine, and hammered out into leavei 




AEXa UfD lUHnFACTUIffifl. 

in Gerrnany. IC in sold very cheap in this conn 
imiier tho name of Diitcih gold oi- Dutch metal. I 
al>out five limes as thick aa Rold leaf; that ia to i 
it la ahoM one sixty- tho usBiidtii of an incli thick. 

fVhtl ia linpreferaMe to other inftals for lining topper I 
tifttaeb? ' 

Because it combines mitb copper at a much lower 
teraperature than is neceESBry lo iiise the copper alone. 
When vessels are tinned, they are first scraped or 
scoured ; after which they are rubbed with sal-animo- 
niae. They are then heated, and sprinkled with 
powdered rmn, which defends the clean surface of tho 
copper from acquirine the slight film of oxide, that 
would prevent die adhesion of the tin to its surface. 
The melted tin is then poured in and spread about. 
An extrutriely small quandly adheres to the copper, 
which may perhaps be supposed insufficient to prevent 
the noxious effects of tho eopper as perfectly as might 
be wished. 

IVhu do umlchmaters prefer Dutch 6ra»» to the 

Because of its superior ductihty, which is owing to 
ained in it; llie 
IS of copper and 
w]iil<! ihu English is of equal inrta t^ 
copper and zinc. — Thomson. 

ffhy is cobait extremdy vahtahle to the manufaetwtn 
ofporeetain ? 

Because it not cnly produces a beautiful colour, bul 
endures the extreme ncatofthoir funiaoea unaltered. 
This colour ia so intense, that a single grain of the 
pure oxide will give a deep tint of blue to 340 grains 
of glass. Smalt, or powder-blue, used by laundresseE J 
conaista of oxide of cotult, ground impalpably wlttf I 
flint-glasH. Tilts is also used to give a blue tinge TO J 
writing and printing papers. 
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Colnll ores fr^nernlly contain nrsetiic: thejrn 

iiitaiiiitiaieil with it, that the workmeD who are m 
ployed seldom live niAoy yeara. 

Why u cobrUt upeciiUly valiuMt in At fine arU f 

Because its oxide tortus llie most pemiaiieiit Uue 
rolour that we nre arqiiniiitcd with. La Grange aaya 
thai tlie old jtainlers uaed this oxide inixtid with oil 
ill their |HUDtiDgn, whiuh ia the reason why the ekf 
and drapery in some old pictures ore of so durable a 

Why ii biamviK mportanl in the eompoiiimti Jor 

Because il has the singular property of expanding 
as it coola ; and from this expaosivc property are ob- 
taiDed the most perfect ImpreBsinns of ihe moulds in 
which Ihe letters are caai. The larger kind of lypc» 
are generally niade with lead and antiiaony, id the 
proportion of from 4 to ll3 parts of the former to ODS 
of the latter. 

Why is nlver allwjed wiik cnpprr for plait and eoini 

Because the former iiieial is thus rendered harder 
and more sonorous, while its colour ia scarcely im- 
paired. 

The silver mines of IVfeKico and Peru far exceed in 
value the whole of the Eiiroppsn and Asiatic iDines: 
for wc are told by Humboldt, thai three mines, in the 
^lace of three centuries, aflordcd 316,033,863 pounds 
Iroy of pure silver ; and he remarks that this quantity 
would form asolid globe of silver, 91,S(X! English feet 
in diameter. (Jainuon.] JUr, Ilelins is oF opinion 
that the Andes, if properly enamined, would afford 
silver enough to overturn our present commcrciBl sys- 
tem, hy making silver as common as copper. 

Silver has also been obtained from some of the lead 
mines of Great Britain. Bishop Wataou, in his Chem- 
ical Essays, notes, " By the silver which was produced 
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from the lend mines in Cardiganshire, Sir Hagli Mid- 
lilston is raid to hnve cleared two tlioiisand poiindg a 
month, and that this enabled Lim to nndertake die 
griiat work of bringing tlie new river from Wiire M 
London," 

Why does tSver tarnish and blacken^ 

Becau^ of tlie giilphiireoua vapours in the atmoH- 
phere : pure waler bas no effect upon silver; but if 
the water contain ve^'elable or animal matter, it nfl^u 
slightly blackens its surface in consequence of the 
preseDce of sulphur. 

Why M the German " aUver " improperb/ to named 9 

Becauac it is nothing more than the wliile copper 
long known in China, «nd does not connun u particle 
ofailver ; it is only an alloy of copper, metal, end nickel. 
Altlioiigli only now coming into known use In Eng>- 
land, it has benn no stranger to the manitfectories of^< 
Birmingham for at least twenty yeeus or more. 

Why is pMii^ to caUtd? 

Because it is performed by the application of a ptatO 
of wlver to the surface of copper, which Is afterwards 
beaten or drawn out. Amalgam of silver is sometimes 
employed for plating ; it is applied to the surface of 
tlie copper, and ti)e mercury being evaporated by heat, 
the remaining silver is burnished. A mixture of 
chloride of rilver, chalk, and pearlaah is employed for 
dilvering brass: theme^ is rendered very clear, and 
the above mixture, moistened with water, rubbed upon 
Its surface. In this way, thermometer scales and clock 
dials arc usually silvered. 

A note upon the duty on plate will shftw how lai^ 
a portion of ^Id and silver is annually diverted fl*6m 
the purposes of coin to tliose of ornament and luxury. 
The rale of duty upon silver wrought plate in 1604, 
was I3. ltd. ; upon gold IQs. per ounce ; it was after- 
wards raised to 1). 6a. upon mlver, and 10 17«. upon gold. 
Al this time the annual net duty was less than 50QW. ~ 
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M upwards of 105,0001. ; a 
twenty-fold, nolwitlistaiuliiig the greaily diiiiiuiHlied 
Bunpiy from the iiiiofifs uiiii llii; coiuisqucal increasing 
Wue of the precioun nielala. 

JFhy is coal gas tiuurroiu to iitver and plated goodit 
Berauae of Uio sLUpJjuretted Ijydrogeii which il con- 

Jfky it the Birmingham and Shiiffidd plate superior 
to thot formrrhf madtf 

Because the old iupiIicmI was by dissolving mercury 
in nitrous iinid, dipping tho copper, and ilepending 
on the affinity of the metals, by which a veiy alight 
article was produced. But at Sheffield and BirminX' 
ham, all plate ia now produced by rolling inaots of 
copper and silver together. About the eighth of an 
iBCb in thicknes? of eilver is united by heat tit an inch 
of copper in ingots about the size of a brick. It is 
then flattened bv atecl rollers worked by an ^hty- 
hoise power. The pcater malleability of the mlver 
occamons it to spread equally witli the copper into a 
sheet of any required tliickneea, according to the 
natiuv of the article for which it ie wanted. Plated 
metal, iJie eightli of ati incrh thick, is thus rolled, by Ute 
hand into ten times the surface, the ^Iver spreaJding 
equally; and the plating would tie [>orfuct if the rolling 
hod reduced it to the thinnees of silFer paper! Thu 
mode of platiiis secures to modem plate a. durabilily 
not posaeased oy any plate silvered by immeistHi. 
Hence plated goods are sow sought all over the world, 
and, if fairly used, are nearly as durable as silver 
itself. Of uiia material, dimicr and deasert services 
have been manufectured at from fifty to three hundred 
guineas, and breakfaat sets &om ten to two hundred 
guineas, as sold on the spot. 



reuBta tveor better tban aii; other alloy except thi 
with silver. 

The produce of the Ural gold mines amounted, i 
18^7,(0 673,4162. Gold ia also found in the Rhine; 
but the quantity is so ecan^, that, tlie washer conndeis 
it a good day's work, if he succeed in collecting to the 
value of Sa, or 6«. From the official accountB of the 
yearly jiroiluce obtained from thatatreara in the Grand 
Duchy of Baden, we observe the value was, in 1821-2, 
£603 ; 1^ £808 ; 1827-8, £94a The last produce, 
small as it may appear, for it scarcely exceeded 17 
j>oimd3 in weight, showed so conBlderable an increase 
upon preceding years, that a great impulse was given 
to this branch of industry in Baden. 

We have already noticed the malleability of gold, 
though not its actual limit ; * for the gold-beatera find. 
it necessary loadd three grainaofoopperii '' 
to harden the gold, which otherwise would 
the irregularities of the newest skins, am 
tliem: and in uang the old skins, which 
perfect and sinootii, ihey even add twelve grains. The 
wire which is used by tlie lace-niakors, is drawn from 
an higot of silver, previously gilded. In this way, 
from uie knowndianieter of the wu^, or breadth when 
flattened, and its length, togi^iher witli the quantity of 
^Id used, it is found, by 'computation, tliat the cover* 
ing of gold is only l-12tli part of the thickness of gol^j 
leaf, though it is still so perfect as to exhibit no croc*"' 
when viewed through a microscope. 

Fifty thousand pounds worth of gold and silver a 
said to be annually employed at Birmingham in al 
ingand plating, and of course lost for ever as buluo 
—The ductility of gold is such, t" 
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ffh/ is mercury ii»eii lo tfftanUe gdd m ^ 

the txlraaeovs nialler found with Umae meledaf "^ 

Because, by iriliiniling tlio innss with mcrcuiy-, Al 
galil and silver become ainulcKinBled witL it ; aod 
afterwanls this tuiwIgHin is submitted to beat, wben 
the mercury aubliniea; the precious melale leaving iu 
8 eaxis of purity. 

The gilding of buttons is, in part, Biinilarly efiV>rted. 
When die buttona, which are of copper, are mode, 
they are dipiwd into liilute uiiritr acid, to <'lean them, 
and then burnished with a hanl black stone ; they are 
then put into n nitric eolutian of mercury, and etirred 
nboiit with a brush till they are quite white : an am^- 
giun of gold and mercury is then put into an earthen 
Vfsael with a small quantity of dilute nitric acid ; and 
in tliia mixture the buttons are stirred till the gold 
attaches to their surface: thoy are then heated over 
the fire till the mercury begins to run, when they are 
thrown into a large cap made of coarse wool and goat's 
hair, and iu this they ere stirred about witij a brurii. 
The mercury i« then volatilized, by heating over the 
fire in a pan. Ry Act of Parliament, a gross of but- 
tons, of on inch diameter, are required to have five 
grmns of gold on them ; but many are deficient even 
of ihJH small quantity. 

Why itfaltt gilding m caUed? 

Because it is the art of applying thin leaves of dl- 
Ter, or of till, to the Bubatance tol)e gilded, and then 
rubbing them over with n yellow transparent colour, 
through which the metallic splendour appears : thia is 
very old ; and a method of affixing a white metal to 

Eaper, and then coveriug it with a gold varnish, ' 
een known in China from the earliest ages, '" 
pears also to have been employed at a very r 
period ibr gilding leather, of which many specinienB 
may be found iu ancient leathern tapestry. 
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PIiATIHnM. 

' Whf u j^tOimim so calltill 

Because JI resembles silver ; tlio term, in the lan- 
guage of Pern, meaning "littlo silver." 

pTatinimi may always be known from olher metals 
by its superior specific gravity, it being tlie heavieHt 
body in nature. Tlie important uses lo which this 
precious metal may be ap|)lieil, can bo easily conceived, 
when it iscon^dered that it unlteethe indestructibility 
of gold to a degree of hardness tilmost equal to that of 
iron ; that it resists tlie action of the most violent fire, 
and also of the most cnncentmted acids. One of its 
uiore useful applications has been to the coating of 
copper with as much ease ns theriimmon operBCionof 
tinning. The high value of platinum is however von 
much against its general adoption, for although muea 
cheaper than gold, it is worth between tour and five 
times its weight of silver. 

fV/af is the alioy of atcel and platinum well adapted 
JoTtmrron? 

Because it takes a line polish and does not tatnish. 

Wl^ is platiman well adapted for the mamj^diire ijf 
rings and cAoiiu j' 

Because it has the property of being united by 
ing, either one piece to another, or with in 
Hence its durability must add to its value. 

A beautiful eoinago of platinum has lately 
issued in Russia, tho metal being found in conside 
quantities in the Uralian mountains of Siberia. 

Why is rhadiwn vandfar the nibs of metallic pent ? 

Because ofits extreme hardness and duraliibty. Fui 
tliis successful Bpplicntion,the elepintflrts arc indebted 
to the suggestion of the late Dr. Wollaslou. 

ffh/ is lead iiiiporlanl in glass '! 

T> ;„ oxlilc, in the form of liihargc, or iql-J 

s the fusibility of the comiioimd, pvi 
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it greater tetin<^Joiisne8B when liot, iiicreaaes its relrac- 
tivo power, luiil enublps it to benr sudiieti changes of 
tcniperotura. It is a copious iDgredinnt in the £00- 
danjlinl ^ass, celebraCeil for ile ImlliHOry wJien cut, 
and used for inost opticnl piirpoHes. Lend, however, 
reud^TH glass so sofl as eamly to Bi^ratch. 

The'maiiufBctiire of glass is as follows: — The glasi- 
pote are placed round a donie-shaped fumauB, built 
upon arches, and open heneaih tor tiie free odmisaion of 
BIT ; there ore generally six in each funiuce, and they 
are entirelj enclosed, except at an orilice on the eitu 
opening into a Hinall recess fnrnied by the alternate 
projection of the iiiaBoniy and the fluee, in which the 
workmen stand. Coal is tlie fuel einpluyed, andthe 
furnace is so built tliat a mpid ciureut of flame may 
be directed round each ^losa-pot, which afterwards 
pasBEe out with ihesmnke into the dome and chiinney, 
beating a broad covered shelf in iiti passage, wliich is 
"■"" "ineeling oven. The loalerialB, or fret, being 



the fire round each individiittl pot is then damped, till 
its contents acquire a conasteucy fit for working ; the 
whole process requiring about forty-eight hours from 
the time the pots are fiUed. At the working heat, which 
is a full red, the glass has a peculiarly tenacious con^s- 
fancy, and as it adheres but feebly to polished metals, 
it ia eaaily wrought and managed with iron tools.* 
•Mr. Biande, Inanota In hli Jduval 1/ CAim^It^, otiniivai i "AH 

on bv bollUiE wuer, vlilch seiiiraiH ibeslknli. nnd iu cniln dMnU- 
noHiBeemB only id bei^revGnted by the tnMlEibility of tJM «Qm. 
Olui vblcb hu long been eipnBml lo the weaiher, l^qufloUr eihib&i 
a bBullful IriidEBcenl nppearancs, and ii m brducayed, IbotUmir 
In Knloiied with Ibe nstl. Ssvenl yaus ugo, 1 ainmined soma Im- 
Ueior wins whicb bad lain in b wel cellar, neailho Baik, upHBte 

TbefiKH vRaHAtui 
inence uf iba alMUaciIlMi 
in Mslnin mi Cloretj tlH 
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I curious fact in the liislory of discovery, that 
IB miiQuractiire of glass is uiikuowu at Sidou, tliou^h 

[B pun of tlie country was odu« famous for tlie dis- 
covery of, as well aaproductjoii ofarticles in, that mate- 
rial. Tlie story of the discovery of glass by PhceoidaB 
maflni'ra at Rcliis, Dear Sidon, m Syria, is mentioiied 
by Pliny. Dyeiug, however, is Gtill practised, though 
Dol with the same success as among the ancient Tnl- 
QDR, who were descended from tiia builders of Kdon, 
The standard of Syria in arts and man ii&cturee, is, in- 
deed, everywhere, much below that of the most back- 
ward nation in Europe. 

Ifhy do ail glass artirUs require to be carefUUy on- 
Ktalea, or fffered to cool very slouily ? 

Because they would otherwise he remarkably brittle^ 
and apt to crack, Bud even By into pieces upon the 
slightest touch of any hard substance. 

Why are plaie-gUas ictnifows jiipmor to ffaae tf 

Because the two suriaceB of common window-glan 
are not perfect planes, and not perfectly parallel to each 
oilier, OS in the case of plate-gloss ; whence objeetB 
seen dirough the former, appear generally more or less 
out of shape; and hence comes the eleeance and beauty 
of plaCB-gl'iss windows; and the singidar distortion of i 
lliingB viewed tlirough that swelling or lump of glass 
which remains whuro the glaas-hlower'a instrument 
was attached, and which appears at the centre of cer- 
tain very course ^anes. 

The variation IB also thus philosophically explained: 
" As it is the obliquity between the passing ray and the 
surfiice, which, in any case of refroctioii, determines 
the degree of bending, a body seen througli a medium 
of irregular surfiice, appears distorted, a 
the nature of that surface."— -.3nioU. 





[ilMei, wlllioul wpcrks, hiibWes, or wnves, and tbeH 
of bwuhngp. Its mtLmifiidiirc is as follows : * 

The inBtcrials being fused, ore poured upon a S 
conper~]ilate ; the tnnsa ia then rolled out, aimealeo, 
and afterwards polished by grinding with sond, emery, 
and coti^olhar. 

Previously lo 1559 nil ihe glass employeil in mirrora 
was blaum; wbnn o French mon, named Thcvort, dis- 
covered thie art of cagRtig it The on of iraliBhing it 
WM invented liy Riviere Dufrcfiny. The French 
sIbss fbr the royal manuliiciories is now cast at Tour- 
Mville, near Cherbourg, and at St. Gobin an ancient 
rh/ateau near la Fere ; it ia aftenrords aeut to Paris lo 
be potislicd, silvered, and cut. Glosses are finished 
here to the value nf nearly 6001. each, and are somo- 
timea 10 feet tn height by G\ in width. 

The price of large-aized pier-giassra is within the 
teach of the most nioderute incomes, and there is 
scarcely a family in France which does not pueeees 
one or two ; while, as wo all know, diey are raivly to 
be met with in England, except in expensively fUr- 
niahed houses. 

Why teas Ihe black oiide of mangamae formerly 
called gl<as soap ? 

Because it cleanaes certain itnpuritipp, and espe- 
cially the green tinge which is apt to arise from im- 
pure alkaU. 

ffSy do gla33-adttrs lae Ike point of a diamimd for 
dividing aiid ahaphig their panes ? 

Because diamond ia the hardest of known substan- 
ces, and cute or scratches every other body. — AnvdL 

Olasa can, however, only tie cut by the juriural 
point of the diamond. There are varioua otlier melb- 
oda of cutting gloaa, among which the following, 
finm a French Journal, merits notice. 

If a tube, or goblet, or other round glass body ia lo 
be cut^ a line ia to be marked with a guu-flint, hnrlng 




B sharp angle, an agate, a diamond, or a file, exactly 
on iiiB plHCB wLere it is tn be cut. A long tlireai), 
covered with suljihur, is then to be paBsed two or 
tbree times about ibe circular line, mid is to be inflamed 
and burat; mheii tlie glusa ia well heated, Eonie drops 
of cold water aife to ue thrown on to it, wliea the 
pieces \vil] Beparsto iu an cxauc manner as if cut with 
EcissoTs. It is by this mcons that glasses are cut cir- 
cular into thin bands, which may either bo separated 
Irom, or repose npon, eocli other at pleasure, in the 
manner of a spring. 

F^)/ i> Ihe white enamd in imUalivt gold Ifinkdt 
of aviA litUe vtdne "i 

Because it is merely glaaa rendered mtjre or lets 
milk; or oimque, by the addition of oxide of tin; it 
forms the basis of many of the coloured enamels, 
which are tinged with the inetalUc oxides. 

Why are Uadm biiltela kl faii on gloat cooled m the 
open air, tBilhoxU breaking S, vthereoB a feio groiiw of 
sand aigo let fall on the glass joojdd break U inio a ihmir 
land pieces i 

Because the lead does not scratch the surface of 
llio glass ; while the sand, beini; shaip and angular, 
scralchea it sufficiently to break il. 

Whv are glass-hovse cinders, or elinktrs, employed 
in kyaraidic mortar ? 

Because they contribute to its rapid conEolidation. 
This advantage was employed in tlie construction of 
the bridge of Louis XVI. at Paris, and in liuilding 
the jetties and fort at Cherbourg. 



fVhy it nifkel prized by the Freneh inonij/ocft 
of porcelain'} 

Because its oxide aSin-da them a very ddicMe gi 



fwen, and like other metHllic coloius tliis bears the 
intense henl of their ovens williont injury. A hya- 
ciutliioo colour may be given to flint-glass by melting 
it with this oxide. — Parkt». 

Why if mtmgoMn trrmeetAk in fkt arf«? 

Because its oxides are useiI in prepuriiig bleacliins 
liquor; in pui-ijyiug glass, (for which piu-pose, accorif- 
ing to Pliny, it was employed two thousand years ago); 
in glazing black eartbcn'warc ; and colouring porcelam 
enamels. 

}fky are the Slqfonlskire poUeriei eoncUuld to he 
of Roman origin f 

Because evident remains of Roman jwticries hnvo 
been repealedly discovered, at a C0D»derabIe depth 
belnw the present surface of the laud. 

The better kinds of pottery, called in this country, 
Stagbrdskire irire, are mode of an artificial mistureof 
alumina and silica; the former obtained in the fonn 
of a fine clay from Devonshire chiefly; and the latter 
conaiating of chert or flint, which ie heated red hot, 
quenched in water, and then sifted to powder. Each 
ntaterial, carefully powdered and sifted, is difihsed 
through water, mixed by measure, and brought ta a 
due consistency by evaporation: it is then bi{^^r 
plaalic, and formed upon the potters' wheel or laths 
into TarioiiB circular vessels, or moulded into other 
fbrma, wliicb, aAer having been dried in a warm 
room, are enclosed in baked clny cases, resembling 
bandboxea, and called atggars; tlieae are ranged in iha 
kiln, so as nearly to fill it, leaving only space enou^ 
for the fuel; hero the ware is kept red hot for a con- 
eiderable time, and ilius brouclit to tlie stale of &tt- 
cwU. This is aflerwarda glaxed, which is done by dip- 
ping the biscuit-ware into a tub containing a mixture 
of about 60 parts of hthai^, 10 of clay, and 20 of 
ground flint, dithised in water to a creamy condstenc«, 
and when taken out enough adheres to the jaece ti- 
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fnve an tiiiiform glazing wlien agaia heated. The 
pieces are then o^n ])a<;keil up in tlie aeggare, with 
small bits of pottery inlerpoEed between each, and 
fixed in a kiln as before. The glRng mixture fuses 
at very moderate beat, and gives an imiTorin glossy 
(boating, which finishes the process, whan it in inteuded 
for common white ware. 

The msnufacturo of Worcesler porceimn is de- 
scribed as follows : The aUceous and other subetancea 
are first jiiilverized by an iron roller, which weighs 
upwards of two tons, and revolvea in a groove not un- 
like that of a cider-mill; after this th<^ are calcined, 
and llien ground at the water-mill, sufficiently fine to 
filter through sieves, through wiiich no porticla of 
greater dinienslonu than ihe 57,0CHhh part of an inch 
can pass. The composition then, in its liquid state, 
is dried upon the shn kilns till it becomes of the coa- 
eistency of clay, when it is taken to the throwing^ 
room, where the ware is first farmed ; and from thence 
to tlie store-room, in which it is placed to dry nradually, 
thus preparing it for turning and pressing. The arti- 
cles bciugapplied to the latter are diminished in thick- 
ness about one half: the ware is tlieii put into the first 
set of kilns, called Biscuit Kilns, in which it is burned 
nearly sixty hours. Having itoseed through these 
kilns, such pieces as have been warjMd by too greu 
heat, ai-e reburued in the second. AfterthisthearticJes 
are prepared for receiving their glazing, which accom- 
piianed, tlicy are a third time committed to the fire, — 
and when the gtozo is sufficiently vitrified, they are 
taken out, and when cool, receive theu: finest embel- 
lishment in the painting-room ; they are then, a fourth 
time, condemned to the furnace, for the purpose of in- 
corporating the ^ding and the colours with the glaze, 
after which Ihey are buruiabed for the market. 

HTa/ are the patterns upon ordiaary porcelam cH^g 
in blue? 

Because of tlio facility of applying cobalt Tiiese 



patlema are generally printed ofTiipon paper, whicfa is 
applied to tlie plate or otlier article while in the Btore 
ol'liiscuit, QDtl oiUmreB to the Eurface when heat ia pro- 
perly applied. • 

HTiy are gum-imler and borax ttwrf in gilding poree- 

Because, upon llie flpjilii'ntion of lifiat, the gum 
hurns oft; and the hornx vitrifying lipon llie stirfaee 
caQses die gold drmi; to adhere ; it IB afterwards bur- 
niehed. 

inmlne grealest eavtioni 

Because it is Dccessoiy that tlie compound ritouM 
retnain perfiictiy white after exposure lo heat ; that h 
^ould endure a very high trmf^raturc withniit fitsing; 
and at the same tiino acquire a scmi-vitn^nita texture 
and a pei^iiliar degree of transiucency and toughuesa. 
These qualities are iiuited in Bomo of the oHental 
porcel^n, or China, and in some of the old Dresden, 
but they are rarely found co-existent ta that of modern 
European manufoc til re. Sevres and Won-estcr porce- 
bkiii is extremely white and translucent, but it is mora 
apt to crack by sudden changes of temperature, mot4 
imttle, and, consequently, requires to he formed ioCO 
thicker and heavier vesgcU ; aud mora fusible tfaait 
the finest porcelaina of Japan and Cbinn. Vtda&ag 
on porcelain or in enamel is an art of great difficult, 
and with every care there are frequent lailures: bencfl 
the costKncBB of line porcelain. 

The Sevres porcelain uiaiiufactory is in a villageof 
that name about two leagups from Paris. It waapur- 
chosed by Louis XV. in 1759, and has sitice been tlw 
propertvof tlie French GovemmenL Here was made 
B complete service for I.ouis XVI. of which each plaW 
cost 35J. and in tlie Tuilh^ries is a Sevres vase -whicfa 
coat lOOOt Iir ISOl, Brogniart, the diafiuguiaited 
geologist, was appointed director, and to his cxeitioiH 
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l^eBtablishlneut is prinrijHilly indebted for hs cetoKB 
J^ Binc« the SnvoliitiDii. - ^ 

^According to ProfeBsor Sillimnn, the porcelain of ' 
America bids fair to rival tbat of tiie old worid. 
Spaakiag of a numulactory in Philadelphia, he says: 
"the porcelain is very beautiful in all the principal 
particulars : in Bjmirielry of modelliuf^, in purity of 
whiteness, in the cbaracleristic tranalucence, in smoodi- 
tieas and lustre, and in the dehcacf and ricbneaa of the 
gilding nnd enamel painting. That it rivals the finest 
productions of Sflvrea itaelf, it is not necessary ti 



aert ; but it certainly gives every assurance, thai if 
properly siipporied, it will not fafl to meet every de- 

■ 



t every de- 
mand of utirity Olid taste, which this great and ^/>w- 
irg country, nmy present," The raw iiialerial is very 
aliUDdain ncor Philadelphia, and in luony other porta 
ofthoUnilpd Stales. 

Why is fTedgwood-u-are so ccMed^ 

Because it ivaa the invention, or rather improvemeol 
of Mr. Wedgwood, wlio, for iliat purpose brought mo- 
dellers from Italy and other parts of the Continait, 
and employed a competent chemist to superintend hia 
experioienls. By this means, he not only excluded 
the foreign manufacture from the market, but also 
supplied a large quantity for expoitalioD, extending 
the business far beyond oil former example. 

Why is lintn hdicved la have been originaUy mamt- 
/aclvTcd in Egypt 'f 

Because of ita frequent mention in the books of 
Moses, the most ancient of the Scriptural writers. The 
original Hebrew, not, howei'er, specifying the sub- 
stance of which the elolh called in the verson, Hnen, 
was formed, would be only slight evidence of the man- 
ufacture of flaioi cloth in Efrj'pt at that period, were 
it not from thpnce thai it was first obtained, and dience 
only that Europe was for n long time supplied with it' 
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and, as ihe nrt of preKcrving bodies in that manner 
wofl prapiiseil in KfTyjit in tlie remotest noea, there can 
be DO doubt that liiieD was modo tliere at an lera of 
very great antiquity. 

Why did Ihe manufacture of linen, make bvl liltU 
proertas in Europe daring the middle agfst 

Beoatuie il wns confined, both then tunl for a Ions 
period aAcrwards, to private &miliea,whei'e thetbreoil 
lr&BBpiiii,and tho web was wove for dbmesti'; use; and 
itH scarcity oaannrticleof apparel, has beeiiironsiderod 
BB one of the cliief causes of the leprosy. Linen, in- 
deed, ecenia to have been earlier adopted as b luxury 
fti" the tabte than tlie person, and wo read of its being 
usedat bauqueta long before it was loiown as on orti- 
de of dress. 

Why ix the newly invented French "papkr Kitge" to 
eaUedf 

Bemuse it coiisistB of n nai>er rande In rrsemblo dam- 
aek and oilier liaen eo cleverly, that it is imposmble, 
without extuni notion, to detect the difference ; and 
even to the touch, the articles made from the pt^pitr 
In^are very much like liiien, and are used for everj 
purpose to which linen is applicable, with the excei»- 
tion, of course, of those in which strength and dura- 
bility are reqiured. The price is very low : a napkin 
, coats only five or six centimes, (about a half-penny) and 
when theyare duly,theyare taken back at half-price. 



Because there was a regidar commercial interconno 
eatabliHhfHl tluxiugh the medium of Egypt between 
Rome and India, the chief part of whi^ was on the 
coast of Malabar, (which has been ever considered u 
the greatest manufacturing district of Che East) wlwnt 
the art of weaving was practised at the remotest petiod 
of which we have anyaocount. Mr. Gifibrd, inanoto 
to his trandaiion of Juotnal, tells us, that Ibo 



Ttea 



D lUMITFAOTt^CB. 



3 wliQt we nail lino c 
LI Juvenal's time, as they « 



mported u 
Europe in Juvenal's (line, as they were ages befb 
from India, Uirougli the iKtiiniry at tbd j^res, the mt 
em Bochara:" and lliia ia strougly cormborated _ 
the Gtorgict of Virgil, which seem evidently to alludt 
lo the cotton plant : 






TbeU fleecy (uieta In ■ slendei 

Among the Greeks and Romanii, s[iiniiiDff 
■'nferaployment of tlie women: tlie rites of menaai 
directed their attention to it : and tlie dimtaif and fli 
were not only the emhlems but tlie objects of the i 
important domestic duties of a wife. Tlie niachii 
employed in weaving, though perhaps rude in 
atruction, was, in principle, similar to tliat atill la use ; 
and the procesa of fullina and preparing the clolb, 
seema to have reaembled tfio modctru practice in evory 
particular point, except that of shearing the nap, with 
which the ancients do not appear 
quainted. In early records we do not, however, 
of cloth being measured, which appears to have 
from a custom of weaving no more cloth in ont 
than was sutiident to form a single dreaa. 

Miislios are to this day inanutactured by the prinH- 
tive loom in India, probably without alteration of the 
form in use during the earliest agca of its inventioix 
It consists merely of two bamboo rollere, one for the 
watp, riie other for the web, with a pair of geer, kh^ 
the shuttle performs the office of the button. "" '" 
simple apparaius, the Indian weaver frQijiiently 
underthe shade of n tree, lledigaaholclai'gee 
to contain his legs, and the lower part of hia gei , 
tlien Btrelches his warp, by fastening the rollers at dua 
distances in the tur^aud auspeuda the ludlancea of the 
from the aprcading brouches of the tree ; Hvo 
• '• "• ■*■ into whicb he igsertBlihigw; 







loes, aervo Insteoii of trerlilles ; and with his long 
Bbuale, ha draws tlic woft, tbrows tiie warp, anil 
aJterwards closes it up to the wub. The spinning is 
still performed by the anclcut operatioD of iho diaiaS. 
— Beekmaiui. 

Why U wooUai a lesa advanlageovs manufaclurt than 
eotbni? 

BeCBUse wool undersoea great waste in the process 
of being made into cloth, b; scouring and ahearinf, 
which may be taken at one half, and the expense is 

rater, whilst cotton incurs no waiilo of importance. 
1819 the consumption of cotton in Great Bric^n 
was 428,500 baira ; in 1822, 550,800 ; in 1835, 615,!)«h 
in 1^7, 662,900 ; and in 1838, 732,700 ; by which it 
appears that the consumption was nearly doubled 
within ten years. 

The Bverage fineness of cotton may be taken at twen- 
ty banks to Ihe pound ; and, as each hank iB840yardG^ 
or nearly half a mile, every pound is nearly ten miles ; 
and the whole, about 400,000 miles, are produced in 
aboutsixty-ax workinghoum. In round numbers, this 
is 6000 miles per hour, or lOOmiles a mlmitc. Eveiy 
fibre passes through no less tlian tensetsofmachioeiy; 
hence the united spindles and threads travel throush 
1000 miles a minute. The noise of their united flue- 
tiona and collisions, and tlie united hum of Ihoitsands 
of little spindles, each revolving 4000 miles a minute^ 
may therefore be accounted for. 

The estimated number of looms propelled by water 
and steam power, in tlie United Kingdom, is 58,000. 
The average produce, taking it at twenty-two squaro 
yards a day, makes l,254,o50, or 1,741 yards a min- 
ute; weekly, 7,534,000 i monilily, 31,300,000; yearly, 
376^,000. Allowing six yards to each person (or 
yearly consumption, will supply 63,700,000, and will 
cover 62,700 acres of ground, and in length would ex- 
tend 213)750 miles, and reach across tho Atlantic Ocean 
seventy-one times. — JUanckeiler Journal. 

Among the wonders of ilijs Lronch of mouubcture 
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the (ollowing (JeaervB mention. In 1745, a woman at 
East DprBham, in Norfolk, epim a single ponnd of wool 
inlo a tbrcad of 84,000 yards in length, wonting only 
eigh^ yarda of forty-eight English mileH; which, at 
that period, was considered as a ciroumMance of suffi- 
cient curiosity to merit a place in the records of the 
Royal Society. Since that time, however, a young lady 
of Norwich has spun a pound of coml>ed wool into a 
thread of 168,000 yards, and she actaally produced from 
the same weight of cotton a thread of 303,000 ^ard^ 
equal to upwards of 115 English miles: — this last 
thread, if woven, would produce aliout twenty yards 
of yard-wido muslin. Even our young readers may 
remember the eccentric triumph of Sir John I'hrog- 
morion, who sat down to dinner wearing a coat whi^ 
ha<] that morning been wool on the sheep's back. 

(f7ij is Ihe spinning-frame superior la Ihe Jenny ? 

Because, tliough the #^niiiiing'';fen<t^ invention, in 
1767, by HargreaveB, a carpenter, at Blackburn, in 
Lancashire, gave the means of spinning twenty or thniy 
threads at onrc, with no more labour thtn had been 
previously required to spin a single thread, — the thread 
spun by the jenny could not he used except as weft, 
being destitute of the firmness or hardness retjuired in 
tlio longitudinal threads or warp. Mr. Arkwngbtsup- 
jilied this deficiency by the invention of the apinnirtg- 
yroiiit, that wonderful piece of machinery, whicli spins 
a vast nimiber of threads of any degree of fineness or 
hardness, leaving to man merely to feed the mochiuB 
with cotton, and to join the threads when they happen 
to break. Itisnotdifficult to understand the principle 
on which this machine is constructed, and the mode of 
its operation. It consists of two pairs of rollers, turned 
by means of machinery i the lower roller of each pair 
ia furrowed or fluted longitudiually, and the upper one 
is covered with leatlier ; to make ttiem take a hold of 
the cotton. If tliere were only one pair of rollerB,it ia 

C carding of cotton, imssed between thera^ ^^ 
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would lie drawn forward by ttie revolution of llie ix>\' 
lere ; buljt would merely undergo ft eenaiu clpgree of 
compressiou Irani their action. No eoaiier, liuwever, 
has tbe curding;, or romng, us it la tculinically lemied, 
began to pass ilirough tliu lir^t pnlr of rollera, than it 
is received by llio second pair, wliich are made to re- 
volve with (as the esse may be) threp, four, or five timed 
tbe velocity of the first pair. By tfaia admicuble con' 
trivnnce, the roving is drawn out into a thread of the 
desired deRree of tenuity, u twist being ^ven to it by 
[he adaptation of the e[iindie and fly of the common Bax~ 
, wheel to the machinery. Such is the principle on which 
Mr. Ark w right constructed tiisfamoua spiuning-lrBDie. 
It ie obvious ihat it is radically diflerent iVom the pre- 
vious methods of spiniiinf;, either by ihecommou hsncU 
wheel or distalf, or by the jenny, which is only a mo- 
dification of the coiumon wheel. Spinning by roUcts 
vras aa entirely original idea. Mr. Arkwriglit stated 
that he accidentally derived the lirat hint of his great 
invention from seeing a red-hot iriHi bar elongated by 
being made lo pasa between rollers ; and though tbera 
is no mechanical analogy between that operutiou and 
the pran«S6 of Bpincbg, it is uot difficult to unagine 
thot by reflecting up ' ■ ■ - -■ .... 
different points of vi 
vention." — Enq. Brii. 

ffhy M the apinniitg male #o namtdf 

Because it is a compound of the machinery used in 

^^ tbe bond-jenny and water-frame. 

^L Why w emnhrv: so caned? 

^H Because it was first manufactured at Cambray in 

^H France. 

li 

t 
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Whg mmj Bmitn be eoimdered Ike Manfhcakr of 
Ihmtei 

Bei^auBC it is the great seat of tba cotton manufac- 
tures, coEilaining- nearly 300 factories, employing from 
53 to 60,000 pemons. Tlie proximity of Roiien to 
Havre-de-grace, the great American port, f^tee it the 
same advantage, in point of situation, ob Manchester 
derives Irom being near Liverpool. 

fny ibes ntlling differ from hulling? 

Berauise the first ia peribmicdby knotting into mesh- 
es that cannot be unravelled ; while the secouil is, by 
s certain arrajigemcnt of loops bo connected witli each 
other as to be highly elastic without sepai'atian, yet 
capable of being unrsvelled, and having the same 
thread applied to any other use. 

Why has it 6«n eoiycelurtd that knil-slockings teere 
ineeitied in Scotland? 

Because the earliest account of this kind of knitting 
is traced in a patent granted in France to a ^lild of 
knitters, who chose St. Fiacre, a Scotchman, lor their 
patron. 

The introduction of knitting into this country, is 
however, involved in much controversy. Howell says 
that "Henry VHI. wore, ordinarily, cloth hose, except 
there came from Spain, by great chance, a pair of silk 
Mockinga. King Edward, his son, nns presented with a 
pair of long Spanish Bilk stockings, by Thomas Gresh- 
am, his merchant," Hut, that woollen stockings were 
not only in use, but perhaps knit in this country, dur- 
ing the reign of Henry VHI. seems placed beyond 
doubt ^ thia authentic hotisohotd record: — 

The invention of the stocking-loom istius recorded 
in the inscription toon oldpaintin^of onein the Stock- 
ing Weavers' Hall, London : — "In the year 1589, the in- 
■ IB William Lee,Ma6terof Arlsof Sl John'sCol- 
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lege, Cambridge, devised this prolitable art for stock- 



whom tliiB ia here pmnted." — Seven of Lee's woricmen 
returned lo England, and wilh another kid the ibun- 
d&tion of the etockiog manufactory in this country, 
where, hi 1663, the niuslcra were iiipoiporaled by let- 
tera-palent. Id their pctitioa tiie machine is described 
as constating of two thousand part^ nhd making, al- 
moBt inBtantancouah', two Jnmdred mealjea. 

The formation of the Society of the Slocking at Ve- 
nice, in 1590, implies ita ontiquity on the coutiiicnu* 



Because lliey combine worsted and cotton in the 
cloBest iolemiixlure of the tibre. The separate m&te- 
risla are first passed ihTOHgh o machine called a picker 
and blower, to clean and ligliTpn the wool or cotton, so 
that half an oimre will fill a bushel measure. These 
are then carded together, by which the intermixture in 
effected, port of each inaterial being dyed blue and 
black. It is then spun of various fineness by ihrostJes 
and mules. 

Whydouthe hiitting of (hread-laet differ from ttai 

Because, in malting stockings, only one thread la 
employed, and that in one uuitbrm way ; wlierea^ 
lace is formed of as many threads as the pattern and 
breadth require. 

Why dots lace exkiMl vaiioiit paltemsl 
Bemuse the pattern is drawn on a piece of parch- 
ment, and fastened to the cusbioD of a circular box 
vrith pins formed on puriiose, wbich are stuck through 
it in various places, according to the design intended to 
be represented; the requisite number of threads are 
then wound \i\ioa a smoil bobbin, one eud bt>ing tied 
to eodi pin, and these are (hrown over and under each 
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other ui vnriouB ways ; so thai the IhreiulB twine round 
the pins, and tlma form the miiltiplxcic; of holes or 
eyes which produce the desired figure. 

Why it Jtome knil-lace called poinif 

Because it has been worked, or cmhroidered, with 
the nccdk: when formed of silk, it is called bUmde. 

Ifky ima cotlan-laa formtrly in suck disrepute? 

Berausi! the quality of lece depends on tia trsDepS' 
I«ncy, and at firk, the meshes of notion were encum- 
bered with loose fibres, which destroyed its clearness; 
and to remove these, for some years appeared 1o be an 
insuneralile difficulty. 

IrAy is lore "gtusedf" 

Because the flame of the gas may penetrate the 
meshes, and free them of these loose fibres, which ia 
done without the smallest injury to the &bric. The 
apparatus of Mr. Hall, of Nottingham, for the purpoae 
of gasting lace, is thus described ^— He exposes the 
lace to a horizontal tube, provided with a series of 
orifices, through which ascends carburetted hydrogen 
gas, which, lighted at one end, takes fire through the 
entire lengths of the tul>e, making a delicate blue fiame, 
about haTr-Bii-inch high. This is supported by the 
oxygen of the atmosphere; but the oxygen is drawn to 
the flame by a cap, the whole length of the horizontal 
tube ; and the cap is exhausted by its connexion with 
an air-pump, of extraordinary dimenaons, worked by 
machinery: hence a brisk current of air constantly 
passes over the inflamed hydrogen. At the same time, 
Btop-cocks and valves are so provided, as to regulate 
lK>tli the emission of the hyiirogen gas, and iho ex- 
haustion of the gas above it. A simiitu- tuhu, with 
orifices, and a cap, is laid at about a foot distance th>m 
the other, and tlicn by means of rollers on each side, 
the lace is carried tlirough the two lines of flame, and 
being returned again, the operation is complete. The 
several machines, as well as ihe exhausting pumps, 
ere worked by water powra;. — Sir R. Phiilipa't Tow. 



POK THE PBOFLG. 

IfTiy doe» ordinary loeowiig d^erfrom lact-v 
Because it bus the wnrp porpendieular inHtead u^ 
Lorizonlal ; and, instead of the shuttle moving at rigttr^ 
anelee, brass b(ibbine,inbrasBcarriagcHof very curious 
and delicate structure, arc niade to poas in cross direc- 
tions round the warp tlireads obliijuely, so as to pro- 
duce the hexagonal uieebea. In truth, the piincipleof 
the machine ie to uruduce the very same result aa is 
effected by tlie evolutions of the bobbins on ttie pillow 
or cushion in hand luce-making. 

Weavers, or lace-niachine hands, are paid ^ the 
number of holes, or mosheB, which run from ^0 to 
530 the square inch. Tiie estimate is made by the 
rock, or 240 iioles leugihwRys, for which tlic^ receive, 
according to breadth, from threepence to eightpence 
per rack. 



Why ifos Spanish moot Jbrmerly jio valiiaile ? 

Because it was the produce of the original stock, 
fhim which the whole of tlie Merino sheep now it» ex- 
istence have been drawn. This was from a flock trana- 
)<orted from tlie Coteswold Ititls in Gloucestershire, to 
Castile, in 14G4. Until within tlieae few years, the 
only fine wool known was tlie Spanish wool, which, at 
that titne, wos Bupplied to England, France, and the 
Netlierlands, for their fine cloth irjanufactures. But 
the ravnges of war destroyed many flocks, and the 
original system of keeping the sheep was lost, so thot 
the wool has degenerated into a (juolity not woiih more 
than one-lhirdof the same stock of sheep in Germany. 

tFky Jua Saxonv become so cdthraied for ila teeol- 
trade? 

Because the late King of SaxoDy, when Elector, 
introduced the breed of Merino sheep into Germany, 
which has since transferred the valuable trade in fine 
wool, almost wholly from the Spanish to the German 
Bcul. Thus, Germany realized m 1839, the sum of 
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£5,199,934. by tlie growtli of wool, JDHtead of the 
IFoilhleidBbBJrproduceil upon tbeold Jiii5i|;cDousBheep 
of the couiitry, wbicb waa Bcarcely in Bufiicient quHn- 
tity to supply ibe poaaanuy with worsted petticoats 
and Htockiuga, Of the above qiiiuicity, there were im- 
ported into England, 23,1 10,823 lb., of wool, which 
averaged at Is. fid. per pound, makes a return of 
£1,7^,311. 13s. There ia likewisea growing prospect 
of B supply of Merino wool, equal (o tlie couBUmpdon 
of Great Britain, being produced from her two colo- 
nies of New South Wales and Van Dieflian's I-and. 

WAy ia foreign gvferioT to Briiiak teod^ 

Because abroad the wool is erown mtliout seeking 
any other result than wool, — wliereaSj in England, the 
farmer sacrifices every advantage of quRli^ in the 
wool, to the necessity of espoeing the sheep to incle- 
ment weather on the fallow land ; and to the produc- 
tion of a fine fat carcass — both of which are incompa- 
titile with anything like excellence in the quahty of the 
wool. If these motives did not exist, the sheep would 
llien be kcpt/or thar wool; but under so very different 
a mode of treatment, as to place it on a level with the 
Merino wool of Germany. 

English historians generally attribute the establish- 
ment of the woollen manufactures in this country to 
the reign of Edward III., but Dccorditigto the Exche- 
quer reconls, there were seveml guild traternitiea of 
weavers established here so early as the middle of 
the twelfth century. Beyond this, Gervasc of Catiter- 
bury, who wrote about the year 1203, says, when 
qieaking of the inhabitants of Britain, that "the art 
of weaving seems to be a pccuUar gift bestowed upon 
theni by nature." 

WSy it U in/erred thai the Jmeal tcool wight be groum 



h) a moel exteosivc growth of wool ; as eiposure lo the 
changes of the alrnospherc, and the oxtrenie richnees 
of their fooii, both tend to incrRaaethe weight of co- 
verinfi^on the animals. The averugc weight of nfleece 
fifthe German Merino breed, is aoroewhere eisonl 3i 
to 3 pouncta; whilst that of a fat Leicester eheep is 
from 8 to 9 pounds. 

Ill Riis^ an iastrumetit called a woot-measure, 
baa lately been Invented, by aid of which, the breedera 
of sheep who desre to improve their stock, may choose, 
by the fineness of their wool, the best rams to breed 
firim : they may even ascertain the different degrees of 
the fineness of the wool, in different parts of the body 
of an B&imal, or if a sinsle hair be of the same dia- 
meter tliroughout its whole length ; the Dieasiire being 
divided into one-hundred-lhousandth pan of an inch. 

Why dots Bit prosptrity of the teool-trade in fVanet, 
depend on the eiertiotm of wt agricuUurisls lo amdio- 
raU the qwdiiy oflhejleecet 7 

Because the French government encourage the ejt- 

cluaive use of their own wool, by heavy duties on the 

raw material of other countries j and, nccordingly, 

. nearly four-fillha of the wool consumed in France la 

Why una the loooRen manufwlxtn qfFratKe so proa- 
ptrotis under Lovxs the Foarteenih ? 

Because Colbert, the famous minister of that day, 
persuaded the king to offer a bonus of 3,000 livret for 
each loom at work, and to permit the nobility to enter 
into manuftcturing specidaliona without derogating 
ttoin their rank. 

ff%y doa each eovntry of the earth produce Us men 
ptndvir v!0<A or dolli 9 

Because every one has some breed of sheep or other, 
either indigenous to tlie climate, or naturalized by the 
inhabitants from some other part. Of these there it) 
■n Hidless variety, each producing a "" "'" 



ig a different quaU^r^J 
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of wool, from the extraordinarily fine Merino wool, 
grown in Silesia, down to the coarse, harsh, and biittle 
clothing of the sheep in ti'opical climates. 

Why have the Gobelin manv^actories become so cde- 
hrateai 

Because they were originally established by Jean 
Gobelin, upon the river Bi^vre, near Paris, the water 
of which is considered very favourable to the process 
of dyeing; The family of Gobelin were, however, only 
dyers, although their name became attached to the 
quarter in which they lived, and even to the above 
river. They soon became rich, renounced their trade, 
and fiUed various offices in the pubhc service. 

Why were the Gobelin tapestries so named ^ 
Because the successors or the Gobehns not only dyed 
wool, but made tapestries. Formerly works of this 
kind were confined to Flanders, where the celebrated 
tapestry afler Raphael's Cartoons was executed ; but, 
at present, there is no manufactory equal to that of the 
Grobelins. 

Why are the carpets of the Gobdins and the SavonnC" 
vie so highly prized^ 

Because of the length of time required to perfect 
them ; sometimes five or six years. They are seldom 
valued at less than £200 or £300 each. The largest 
carpet ever made at la Savonnericj is probably that 
manufactured for the gallery of the Louvre. It consists 
of seventy-two pieces, and is more than 1,300 feet in 
length. 

In carpet weaving, the wool passes through seven- 
teen processes or sets of hands, to produce the warp. 
Thus, the fleece wool is sorted; then scoured; and 
combed by machine or hand. It is then run through a 
breaking frame and carding-engine ; thence it is carried 
to various drawing frames, to produce regularity in the 
combined fibres ; it is then made into a roving, and 
carried to the spinning-frame and made into single- 
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worsted; afterwards double; and then ready for 
scouring and dyeing, warping and weaving. 

Why are Cashmire shawls so successfully mantifac' 
tured in France ? 

Because the breed of the Thibet goats has been 
naturalized there ; and the French wool supplies the 
place of the oriental so perfectly, that all smuggling 
from India is at an end. 

It is said that these shawls were brought into use 
by the officers of the army of Egypt after their return 
from the expedition so fatal to the Mamelukes, from 
whom a large quantity was captured. The rage then 
began among the French ladies for these beautiful 
articles, but Sieir very high prices, as well as that of 
the wool of which they are made, prevented them 
for some time from being common^ The raw materi- 
al is supplied by the goats which browse on the plains 
of Khirgiz, whence it is brought to Moscow for sale, 
and it is calculated that a pound of this genuine wool, 
wMch hardly suffices for the chain of a shawl, cannot 
be imported thence into France, washed, picked, and 
spun, for less than 150 francs, 6^. 5s. 

Why is bomhazeen so called f 

Because of its corruption from bombydnoy the Latin 
name for stufis composed of a mixture of silk and 
woollen ; and this term is from bombyx, silkworm, and 
SiruBf China. 

SILK. 

Why teas silk so little used among the Romans ? 

Because the Roman authors were altogether igno- 
rant of its origin ; some supposing it to be grown on 
trees, as hair grows on animals, others that it was pro- 
duced by a small fish, similar to the mussel, which is 
known to throw out threads for the purpose of attaching 
itself to rocks ; others that it was the entrails of a sort 
of spider, which was fed for four years with paste, and 
then with the leaves of the green willow, till it burst 
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with fat; and others that it was the produce of a worm 
which buih nests of clay and collected wax. 

Why is it said that we are indebted to the bigotry of 
former times for our present improved silk manufajc- 
tures ? 

Because, in the year 1C8G, nearly 50,000 manufac- 
turers fled from France, took refuge in England, in 
consequence of the revocation of the Edict of Nantz, 
by Louis XIV. who thus, as Pennant observes, sent 
thousands of the most industrious of his subjects hito 
this country, to present his bitterest enemies witli the 
arts and manufactures of his kingdom: hence the 
origin of the sUk trade in SpitalfieWs. It appears, 
however, that there was a company of silk women in 
England so early as the year 1 4i>5 ; but these were 
probably employed in needleworks of silk and thread. 
Italy sup[)licd England and all other parts with the 
broad manufactories till 1489. In 1G20 the broad 
manufacture was introduced into this country ; and in 
1686 the company of silk-throwsters employed above 
40,000 jjei-sons. 

As a 8j>ecimen of individual enterprise in this branch 
of manufacture, we must notice Sir Thomas Lombe, 
who, about the year 1724, erected in an island on the 
Derweut, near Derby, a curious mill for the manu&c- 
ture 6f silk, the model of which he had brought from 
Italy, at tlie hazard of his life. This machine was 
deemed so important, that, at tlie expiration of Sir 
Thomas's patent, parhament voted him 14,000?. for 
the risk he had incurred, and the expense attending 
the completion of the machinery. This contained 
26,586 wheels; one water wheel moved the whole, 
and in a day and night it worked 318,504,960 yards 
of organized silk. Such, however, is the march of 
ingenuit}', that Sir Thomas's famous machinery has 
not l)een used at Derby for some years, but improved 
machinery, which performs twice the work, m less 
room, is now adopted. 
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W}m is sUk one of the most important of manufac- 
lures i 

Because it furnishes subsistence to several millions 
of human l)eiu^ ; since there is scarcely an individual 
in die civilized world who has not some article of silk 
m his possession. 

The perseverance of our manufactures has enabled 
them to ship British Bandana handkerchiefs for India, 
a circumstance which was triumphantly mentioned by 
the late Mr. Huskisson, in the House of Commons, 
about two years since. They have also been exported 
to France, m considerable quantities. 

In the printing of silk handkerchiefs there has been 
considerable improvement during the last few years. 
Most of the India handkerchiefs are now printed in 
England. Some of the blocks display first-rate in- 
genuity ; the patterns or subjects having all the attrac- 
tions of engraved prints. Thus, it will be curious, -a 
few years hence, to see the wonders of our times, as 
the Thames Tunnel, &c. and the political characters 
of the present day, treasured up in die cabinets of the 
curious, on pocket-handkerchiefs. Yet the idea is only 
a refinement of the old plan of printing the alphabet, 
and cuts of nursery stories, on cotton handkerchiefs, 
for children ; the sifk prints being but for ''children of 
a larger growth." We believe the public are indebted 
for tiiese amusing embellishment to the ingenious 
Mr. Applegath, of Crayford, Kent, whose patent im- 
provements in block-printing, generally, deserve ncore 
space than we can here devote to them. 
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